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To limit global warming to 1.5°C, vast amounts of CO2 will have to be removed from the atmos‐
phere via Carbon Dioxide Removal (CDR). Enhancing the CO2 sequestration of ecosystems will
require not just one approach but a portfolio of CDR options, including so‐called nature‐based
approaches alongside CDR options that are perceived as more technical. Creating a CDR “supply
curve” would however imply that all carbon removals are considered to be perfect substitutes.
The various co‐benefits of nature‐based CDR approaches militate against this. We discuss this
aspect of nature‐based solutions in connection with the enhancement of blue carbon ecosys‐
tems (BCE) such as mangrove or seagrass habitats. Enhancing BCEs can indeed contribute to
CO2 sequestration, but the value of their carbon storage is low compared to the overall contri‐
bution of their ecosystem services to wealth. Furthermore, their property rights are often un‐
clear, i.e. not comprehensively defined or not enforced. Hence, payment schemes that only
compensate BCE carbon sequestration could create tradeoffs at the expense of other im‐
portant, often local, ecosystem services and might not result in socially optimal outcomes. Ac‐
cordingly, one chance for preserving and restoring BCEs lies in the consideration of all services
in potential compensation schemes for local communities. Also, local contexts, management
structures, and benefit‐sharing rules are crucial factors to be considered when setting up inter‐
national payment schemes to support the use of BCEs and other nature‐ or ecosystem‐based
CDR. However, regarding these options as the only hope of achieving more CDR will very prob‐
ably not bring about the desired outcome, either for climate mitigation or for ecosystem preser‐
vation. Unhalted degradation, in turn, will make matters worse due to the large amounts of
stored carbon that would be released. Hence, countries committed to climate mitigation in line
with the Paris targets should not hide behind vague pledges to enhance natural sinks for re‐
moving atmospheric CO2 but commit to scaling up engineered CDR.
Keywords: Carbon Dioxide Removal, nature‐based solutions, blue carbon ecosystems, common‐pool
resources, governance, property rights
JEL: Q54, Q57, Q58
corresponding author:
Christine Merk
Kiel Institute for the World Economy
Kiellinie 66
24105 Kiel, Germany
Email: Christine.Merk@ifw‐kiel.de

Jonas Grunau, Wilfried Rickels
Kiel Institute for the World Economy
Kiellinie 66
24105 Kiel, Germany
Jonas.Grunau@ifw‐kiel.de
Wilfried.Rickels@ifw‐kiel.de

Marie‐Catherine Rieckhof
Center for Ocean and Society &
Agricultural Economics
Kiel University
Neufeldtstr. 10
24118 Kiel, Germany
Email: mcriekhof@ae.uni‐kiel.de

We would like to thank Jan Schnellenbach and Andrew Jenkins for helpful comments and suggestions. The usual caveats
apply.
The responsibility for the contents of this publication rests with the author, not the Institute. Since working papers are of a
preliminary nature, it may be useful to contact the author of a particular issue about results or caveats before referring to, or
quoting, a paper. Any comments should be sent directly to the author.

1 Introduction
The Intergovernmental Panel on Climate Change (IPCC) estimates that as of 2020 the limit for
the emission of CO2 in net terms is 400 Gt if the increase in global surface air temperature is to
be limited to 1.5°C with a probability of 67% (IPCC, 2021). This means that emission scenarios
in line with this remaining carbon budget entail a median of 730 Gt atmospheric carbon dioxide
removal (CDR) by the end of the century in addition to globally coordinated deep emission cuts
(Rogelj et al., 2018). Insufficient greenhouse gas and (especially) non-CO2 mitigation would
require larger amounts of CDR, as would the reduction of net uptake by natural carbon sinks.
A distinction has been proposed between engineered, more technical, and nature-based
solutions for CDR (Seddon et al., 2020a, 2020b), with current policies favoring atmospheric
carbon removal via nature-based solutions (Seddon et al., 2019; Buylov et al., 2021). However,
the distinction between engineered and nature-based solutions is by no means clear-cut but
subject to societal construction (Bellamy and Osaka, 2020; Bertram and Merk, 2020).
Recent assessments of nature-based and engineered CDR approaches focus primarily on their
technological availability and the potential scale of CO2 removal (Royal Society, 2018;
National Academies of Sciences, Engineering, and Medicine, 2019), neglecting the different
governance challenges associated with these approaches. On the one hand, engineered solutions
such as Direct Air Carbon Capture and Storage with verification of removal, permanent storage,
and clear property rights, would seem to be candidates for a decentralized, market-based
integration into climate policies by including them, for example, in emissions and offset trading
(Rickels et al., 2021). On the other hand, the commons that provide the natural carbon sinks
often lack such property rights and are threatened by local, regional and global pressures at the
same time, imposing a particular governance challenge on these local commons.
We discuss potential governance challenges arising for nature-based CDR in a local-commons
context. While land-based carbon removal approaches, especially forests, have received a lot
of attention in the past in this regard (see e.g. Hatcher, 2009), the local commons governance
challenges of ocean-based carbon removal approaches have received less attention. We thus
focus on different blue carbon ecosystems (BCEs). The first challenge is to avoid emissions by
preserving these ecosystems and their carbon stocks. The second challenge is to increase the
carbon uptake while not compromising on or neglecting other, more valuable ecosystem
services BCEs provide. The third challenge is to incentivize the provision of ecosystem services
and govern BCEs in a way that preserves or improves local livelihoods, respects cultural
contexts, and reconciles the local, regional, and global demands for the multiple ecosystem
services BCEs provide. We argue, that a structured evaluation of local governance schemes
similar to the work done by the International Forestry Resources and Institutions (IFRI)
research network on common-pool forest management is needed to identify best practices for
BCE management.

2 Conservation, restoration and creation of blue carbon ecosystems
Coastal ecosystems include mangroves, salt marshes, and seagrass meadows. They provide
various services, including carbon uptake and storage. This is reflected in the introduction of
the term “blue carbon” to heighten public awareness of the importance of the carbon
sequestration potential of marine and coastal ecosystems (Nellemann et al., 2009; Macreadie et
al., 2019; Lovelock and Duarte, 2019). However, the term blue carbon is neither restricted to
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the ecosystems listed above nor to only naturally occurring carbon sequestration. Macroalgae
ecosystems are also covered by the term and these “may be supporting higher global C burial
rates than seagrass, tidal marshes, and mangroves combined” (Macreadie et al., 2019, p. 4).
Blue carbon sequestration can also be achieved by utilization of marine biomass. Carbon fixed
in marine micro- and macroalgae could be turned into fuels or used for electricity generation
and could provide CDR when combined with carbon capture and storage (Krause-Jensen and
Duarte, 2016; Williamson et al., 2022).The aggregate annual carbon sequestration of blue
carbon ecosystems is rather low, even though mangroves, salt marshes, and seagrass meadows
sequester carbon per unit area at significantly higher rates than forests (cf. e.g. Duarte et al.,
2010; Mcleod et al., 2011). According to Bertram et al. (2021) mangroves, salt marshes, and
seagrass meadows have an annual carbon sequestration of 24.0 [Standard Error of the Mean,
(SEM) 3.2] MtC y-1, 13.4 [SEM 1.4] Mt C y–1, and 43.9 [SEM 12.1] MtC y-1, respectively,
totaling 81.2 MtC y-1 across all these BCEs. This is less than one percent of the annual fossil
fuel and industrial CO2 emissions in 2020 (10.9 GtC, Friedlingstein et al., 2020). Furthermore,
the prospects of achieving “extra” CDR via restoration are fairly low even though their marginal
carbon removal per area is high since suitable areas are limited. Assuming that 40 percent of
historical BCEs were restored, the estimated additional annual removal would be about 50 MtC
y-1 by the year 2050 (Williamson, 2022). Accordingly, the National Academies of Sciences,
Engineering, and Medicine (2019) estimate that in US coastal wetlands an additional
cumulative removal of 1,500 MtC by 2100 could be achieved via various approaches to
restoration. In comparison, achieving blue carbon sequestration via magroalgae plantations and
utilization of marine biomass, feasible annual carbon removal is estimated to range between 0.8
and 1.1 GtC y-1 (National Academies of Sciences, Engineering, and Medicine, 2019,
Williamson et al., 2022).
The advantage of BCEs over, for example, terrestrial forests is their capability to sequester
carbon continuously as “sediments accrete vertically in response to rising sea level” (Mcleod et
al., 2011, p. 554). Carbon density is highest for mangroves (502 tC ha-1), followed by marshes
(265 tC ha-1) and seagrasses (111 tC ha-1), resulting in estimated global carbon stocks of 7.3
GtC for mangroves, 5.6 GtC for marshes, and 5 GtC for seagrass meadows (Goldstein et al.,
2020). In comparison with terrestrial ecosystems, only peatlands (~500 tC ha-1) can match the
carbon density of mangrove ecosystems. The share of BCEs’ soil carbon in total carbon
(biomass + soil carbon) is significantly larger than the respective share for most types of
terrestrial forest. Consequently, the percentage of initial soil-organic carbon typically lost in
conversion or ecosystem loss is substantially larger for BCEs (81% for mangroves) than for
terrestrial forests (< 30%). For mangroves, for instance, nearly two-thirds of the carbon initially
stored in the biomass or the soil is considered irrecoverable (Goldstein et al., 2020). Depending
on assumed carbon density and annual hectares lost, emissions from the decline of mangroves
alone could lie between 40 and 186 MtC y-1 (Howard et al., 2017), the latter being slightly
below fossil and industrial CO2 emissions in Germany in 2019 (192 MtC, Friedlingstein et al.,
2020). It is therefore essential to protect existing blue carbon ecosystems to avoid additional
emissions.
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3 Blue carbon ecosystems: ecosystem services and pressures
While blue carbon sequestration recently received a lot of attention, coastal ecosystems actually
provide many further benefits and services on different geographical scales (see Table 1) which
are more valuable than their carbon storage. They contribute to all the main categories of
ecosystem services established in the Millennium Ecosystem Assessment (2005):
(1) supporting services by sediment formation, nutrient cycling, and as a habitat for aquatic
species; (2) provisioning of food and materials, like timber or fish stocks; (3) regulating
services, as BCEs purify the water through their absorption of pollutants and excess nutrients,
reduce coastal erosion, offer protection against floods, and sequester significant amounts of
carbon; (4) cultural services in the form of spiritual or recreational value to residents and
tourists (Vegh et al., 2019). The regulating services in particular can play an important role in
mitigating and adapting to climate change (Duarte et al., 2013), especially since BCEs are able
to self-maintain and even repair after major storms (Gedan et al., 2011) and even hold out
prospects for adaptation to future sea-level rise (Williamson et al., 2022).
Costanza et al. (2014) estimate the global value of coastal ecosystems, including all coastal
ecosystem services, to be US$ 31.6 tr yr –1. In comparison, Bertram et al. (2021) estimate the
value of global BCE carbon storage to be one order of magnitude lower, at around US$190.7
bn yr –1 (± 29.5 bn). Thus, the value of natural, non-enhanced carbon storage is quite low
compared to BCEs’ overall contribution to wealth. Also accounting for associated non-CO2
emissions, in particular CH₄, BCE restoration targeted at carbon sequestration only is estimated
to cost between 491 USD/tCO2 and 560 USD/tCO2 for coastal wetlands and mangrove
restoration, respectively (Taillardat et al., 2020). By contrast, considering carbon removal as
one of various gains from BCE restoration projects would result in “additional” carbon-removal
monitoring costs between only 0.75 and 4 USD/tCO2 for tidal wetlands and seagrass meadows,
respectively (National Academies of Sciences, Engineering, and Medicine, 2019).
Consequently, integrating BCEs into (international) climate policy regimes that operate with
carbon-only price signals may actually not only fail to bring about socially optimal outcomes
but might even push the whole system into a less desirable state than it was in before (e.g.
Atchison, 2019; Song et al., 2021). This means that services ranging from enhancing the local
population’s livelihood and sustaining biodiversity to providing intangible values enhancing
the cultural heritage (Smith et al., 2019) could be underprovided if BCEs are only conserved
and restored based on the costs and benefits of carbon sequestration and storage.
Simply creating a CDR “supply curve”1 where all carbon removals are considered to be perfect
substitutes would imply that relatively cheap, technical carbon removal without co-benefits
would be preferred over more expensive blue carbon management with very high local,
regional, and even global co-benefits. Looking at nature-based solutions maximizing only
carbon removal will almost certainly not be an appropriate way of realizing or even maintaining
the various other ecosystem services. This applies in particular to their in-situ value and the
necessity to avoid their destruction. A reduction in the size of one BCE has non-linear effects:
on the one hand, it is likely to induce a reduction in other ecosystem services. In a large-scale
restoration project on the other hand, Orth et al. (2020) observe a massive spillover from

A CDR supply curve is created by plotting the different CDR options sorted by abatement costs against their
potential to remove carbon from the atmosphere.
1
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restoring seagrass meadows, finding that the seeded area of 213 ha resulted in a total revegetated
area of 3612 ha.
The health and existence of BCEs and terrestrial ecosystems are threatened by various pressures
that originate from local, regional, and global levels (see Table 1). Examples include
deforestation, land-use change, boating or dredging, and climate change (Ahmed & Glaser
2016; Turschwell et al. 2020). In particular, BCEs are impacted by eutrophication caused by
agricultural runoff (De los Santos et al., 2019; Lovelock et al., 2019). The sources of pressure
can often be characterized as diffuse, especially in connection with agricultural runoff, and it is
often difficult to attribute such non-point source pollution to a specific actor. In addition, coastal
ecosystems are at the boundary between land an ocean where the management systems of landuse and marine resources meet and potentially clash (O’Hagan et al. 2020). To manage BCEs
effectively and to achieve a socially optimal outcome, pressures on, and co-benefits provided
by BCEs have to be understood and considered, actors responsible for pressures and ecosystem
services should be held accountable and benefit from the conservation and restoration of
ecosystems.

4 Governance of blue carbon ecosystems
In a stylized management approach, the various services and disservices, plus pressures on the
BCEs, would be quantified to derive optimal payments and compensations between the various
stakeholders to achieve socially optimal BCE conditions.2 Figure 1 illustrates this approach,
considering the internalization of further services like water purification and depicting an
idealized payment scheme with the local community as property-rights holder. The
management approaches related to CDR that are currently under discussion are often based on
the idea that regional and global stakeholders should compensate a local community providing
access to a BCE for services like carbon storage by way of some international payment scheme
(e.g. similar to REDD+) through international institutions (Ahmed & Glaser 2016; Herr et al.
2012; ICUN 2021). Figure 1 illustrates this situation by showing CO2-based monetary payments
in a different color. If compensation for CDR alone were paid, other ecosystem (dis)services
and pressures on BCEs would be ignored, thus leading to a non-optimal outcome.

2

One could argue that “pressures” and “services” are two sides of the same coin, as the services of the
ecosystem may be to absorb pressure, i.e. eutrophication as a “pressure” may be counterbalanced by
the purification “service” of the ecosystem. However, a pressure (negative externality) may be so
strong as to actually destroy the ecosystem. Accordingly, we explicitly include both “pressures” and
“services”.
5

Figure 1: Idealized payment scheme for internalizing externalities (pressures and (dis)services) on
different scales, assuming that the local community – consisting of users and other stakeholders - is
the holder of the property rights.3

This approach, however, hinges on the central assumptions that all services and disservices can
be measured and that the property rights can be clearly defined and enforced. On the local level,
where most nature-based solutions would be realized, this is often not the case. Clearly defined
and measurable management targets are often absent (Domínguez-Tejo & Metternicht 2018)
and more importantly, BCEs can often be categorized as commons that are affected by the
actions of a broad variety of user groups since they provide various ecosystem services for
coastal communities. Without any (formal) assignment of property rights, an open access
situation prevails, usually resulting in overuse of the resource and its respective services. The
current situation related to coastal ecosystem services is far from ideal, e.g. as their direct and
indirect benefits are rarely considered in decision-making (European Commission 2022),
suggesting that property rights assignment or enforcement is mostly lacking. Even if property
rights are assigned, this might only be the case for some but not all services. Furthermore,
enforcement is often difficult, leading to de-facto open access regimes (Miteva et al. 2015). Just
as for the other services, property rights frameworks for carbon removal are missing. In theory,
for example a country or the developer of a project could own the carbon removal, but in
practice, a related legal framework has been defined by only very few countries (IUCN 2021).
Coastal communities in developing countries often lack these resources and the capacities
(Turschwell et al. 2020; Williams et al. 2020). While formal property rights might be missing
in such contexts, there are implicit systems of de-facto-use rights of marine resources (Bennett
2016). But these customary tenure schemes do not automatically lead to sustainable outcomes
(Ferse et al. 2010). For example, in the case of marine protected areas the environmental
outcomes, such as an increase in the abundance of fish biomass and species or mangrove
densities, do not only depend on the size, age, geographical isolation, and degree of
3

We note that the division into ‘services and ‘disservices’ can be a matter of subjectivity. While
beach wrack is often seen as disservice polluting beaches, the wrack could also be used and would
then count as ‘service’.
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fragmentation of an area, but also on the rules for access to it and the enforcement of protection
(Edgar et al., 2014; Miteva et al. 2015; Turschwell et al. 2020). When the rules are forced upon
communities this can lead to a boycott (Ferse et al. 2010). They will oppose the total closure of
the area especially when the local population depends on extractive uses like timber or fodder
from mangrove forests to sustain their livelihoods, (e.g. Badola et al., 2012; Roy, 2016). At the
same time, the provision of other services like storm protection or nursery habitats can increase
local support for mangrove conservation and restoration (Stone et al., 2008; López-Medellín et
al., 2011; Badola et al., 2012). Even though it has long been recognized that community
involvement is a crucial factor in the successful management of mangrove forests or marine
protected areas (for an overview on mangroves see Arumugam et al. 2020), most marine
protected areas are still implemented top-down (Ferse et al. 2010).
However, the mere inclusion of local stakeholders is not sufficient in itself. Trust in local
management and clear benefit-sharing schemes are equally important (Arumugam et al., 2020;
Ha et al., 2012; Wever et al. 2012). The rise of blue carbon and the growing attention to the
ecosystems’ carbon sequestration and storage service puts a spotlight on a before neglected
service and raises interest among international actors. These new, external actors whose goal it
is to create offsets for international carbon markets may be perceived as intruders by local
communities (Gannon and Hulme, 2018). Furthermore, the focus on payments for CDR-only
may lead to local governance geared to international money flows, thus leading to a relative
neglect of local co-benefits and moving further away from the social optimum. If the local
benefit-sharing rules are not well established, this can exacerbate inequalities in the local
community and lead to continued exploitation of BCEs as poorer households continue to
depend on it. This has similarly been observed for aquaculture, where the benefits accrue only
for a few managers, while the pressures on the coastal ecosystems affect the entire community
(van Oudenhoven et al. 2015).
Ferse et al. (2010) concluded in their review of studies evaluating the implementation of marine
protected areas that a systematic survey and evaluation of local management practices was still
absent. A more recent cross-country evaluation of the impact of anthropogenic pressures and
regulatory strength on mangrove loss revealed no systematic patterns but highlighted the
importance of national contexts (Turschwell et al. 2020). While in the meantime there are
studies analyzing the local governance of mangrove forests in countries like Brazil and
Indonesia (e.g. Miteva et al. 2015; van Oudenhoven et al. 2015; Wever et al. 2012), there is to
the best of our knowledge no comparative study of best-practices on a community level looking
at schemes to govern various BCEs especially when the global perspective of carbon storage is
added. We, therefore, take a look at the experiences with forests as common-pool resources,
the empirical evaluation of community forest management (CFM) and the role of the
international REDD and REDD+ frameworks.

5 Property-rights regimes and lessons to be learned from the literature
on common-pool resources
The net emissions from forestry and other land-uses including deforestation accounted for 11%
on average of annual GHG emissions between 2007 and 2016 (IPCC 2019). This being so,
international schemes have been discussed to compensate for (local) income losses resulting
from refraining from deforestation (Hatcher, 2009). The idea is to internalize global benefits
7

via payment schemes so that incentives to avoid deforestation are in place. Reducing emissions
from deforestation and forest degradation (REDD) in combination with conservation of forest
carbon stocks, sustainable management of forests, and enhancement of forest carbon stocks
(REDD+) are frameworks developed under the UNFCCC to provide such incentives. However,
REDD or REDD+ have been criticized for their failure to reduce deforestation and the fact that
so far their contribution to climate change mitigation has been overestimated (West et al., 2020).
One reason brought forward for the poor performance of this framework is that local
communities and stakeholders have not been properly involved.
Several empirical studies investigating the performance of common-pool resource governance
focus on forest management and thus provide potential insights for the management of naturebased CDR in general. Drawing upon data from the International Forestry Resources and
Institutions (IFRI) research network, Hayes (2006) finds no statistically significant difference
in forest conditions between legally protected areas (e.g., national parks or wilderness areas)
and areas governed by local communities, suggesting that the outcomes of installing protected
areas are not necessarily superior to the outcomes of management regimes with appropriate
rules and the involvement of locals in common-pool forests.
Also referring to the IFRI project database, Chhatre and Agrawal (2008) demonstrate that local
enforcement is strongly associated with forest regeneration. Furthermore, Chhatre and Agrwal
(2009) find that local rule-making autonomy facilitates “win-win outcomes,” i.e.,
improvements in livelihoods and carbon storage. From the same data, Coleman (2009)
concludes that local sanctioning and monitoring seems to be a more decisive factor than the
form of ownership. Investigating the determinants of local monitoring and sanctioning,
Coleman and Steed (2009) find that the right to extract resources from the common-pool
resource increases users’ willingness to engage in monitoring and sanctioning. In a metaanalysis, Porter-Bolland et al. (2012) show that in their sample of 73 case studies the annual
deforestation rates under CFM are lower and less variable than in protected areas, although
deforestation occurs in both categories.
Brooks et al. (2012) use four dimensions (attitudinal, behavioral, ecological, economic) to
analyze community-based conservation efforts regarding forests, grasslands, fisheries, and
wildlife. Their main finding indicates that local capacity building, i.e., investments in human
capital, is generally associated with positive outcomes. Oldekop et al. (2019) examine the effect
of CFM in more than 3800 municipalities in Nepal, finding that CFM reduces both deforestation
and poverty, although the initial poverty level moderates this effect. In a more recent metaanalysis, Hajjar et al. (2021) provide more nuanced insights into the effects of CFM on
environmental outcomes, income, and resource access rights. In the majority of up to 524 cases,
environmental indicators and livelihoods are positively affected by CFM; however, the
commercial or subsistence access rights decreased in more than 50% of the 249 studies
providing information on this category. This led to serious trade-offs between income and
access rights, especially when elites benefited from formalized CFM while poor or
marginalized groups lost their subsistence access. This shows that the design of benefit-sharing
rules is important and should be included in any analysis, as only half of the observed sharing
schemes resulted in more equitable outcomes. The conclusion is that the distribution of rights
within local communities is an important success factor for CFM. Overall, the empirical
findings described above are not conclusive in identifying the one perfect approach to managing
forests or common-pool resources; however, they are conclusive in the sense that while there
is no panacea, the inclusion of the local community and particular attention to local property
8

rights are likely to favor positive environmental outcomes. As Ostrom (2010), the initiator of
the IFRI research program, notes:
“Our research shows that forests under different property regimes—government, private,
communal—sometimes meet enhanced social goals such as biodiversity protection, carbon
storage, or improved livelihoods. At other times, these property regimes fail to provide
such goals. […] Thus, it is not the general type of forest governance that is crucial in
explaining forest conditions; rather, it is how a particular governance arrangement fits the
local ecology, how specific rules are developed and adapted over time, and whether users
consider the system to be legitimate and equitable” (Ostrom, 2010, p. 658).

For the management of BCEs, one can conclude from the empirical studies that they can indeed,
under the right circumstances and governance framework, contribute to positive ecological and
socio-economic outcomes. The quote from Ostrom above also indicates the need for further
research on the governance of BCEs, as the regime needs to fit the local ecology. Unlike in
forest systems, where research has shown that extractive use increases the willingness to engage
in monitoring efforts, extractive use may be less relevant for many BCEs as typical services
include coastal protection and nutrient and pollution uptake (see Table 1). However, the range
of regional and global pressures that affect BCEs directly or indirectly by changing their
environment (see Table 1) demonstrates that even if local institutions prevent overuse of
resources and foster sustainable outcomes, achievement of such outcomes cannot be taken for
granted. For instance, a seagrass meadow may be protected locally, but nutrient spillovers into
the sea could threaten its preservation. These aspects show that insights from the literature on
the communal management of terrestrial forests can only be drawn upon in part for the
governance of BCEs.

6 Discussion and conclusion
To limit global warming to 1.5°C, natural carbon sinks will have to be preserved, enhanced,
and extended. Blue carbon ecosystems (BCE) can contribute to the achievement of this goal.
However, it is still unclear how the pressures on these ecosystems from local, regional, and
global actions can be reduced and their contribution to global carbon storage governed at the
local level. We identify three main challenges pertaining to the conservation, restoration, and
enhancement of BCEs for carbon storage.
The first challenge is that the potential for extending BCEs is low because the area available is
limited. Thus, while prospects for achieving “extra” CDR via restoration of mangroves,
saltmarshes, and seagrass meadows are unpromising, the destruction of BCEs would release a
relatively large amount of carbon. New incentive schemes are needed that take this feature into
account, and restorative measures should rather be assessed in connection with the aim of
protecting existing meadows, i.e. keeping blue carbon stocks intact instead of considering them
primarily as methods for carbon removal.
The second challenge relates to the fact that the wealth BCEs generate through carbon storage
is small compared to their contribution via other provisioning, regulating, supporting, and
cultural ecosystem services. A carbon-only price signal might not result in a socially optimal
outcome as a “CDR” supply curve would imply that all units of carbon removed are perfect
substitutes neglecting differences in co-benefits and in the case of ecosystem-based solutions
underproviding other ecosystem services. Still, not all natural sink enhancement methods are
9

equal. Accounting for CO2 storage only could, for example, favor fast-growing monoculture
reforestation over mangrove preservation despite the differences in additional services.
Accordingly, there is a chance of preserving and restoring BCEs by considering all services in
potential compensation schemes for local communities. However, instead of defining CDR
targets, policies should first adopt precautionary management strategies for these ecosystems
that take the various ecosystem services and their climate adaptation potential into account. The
second step would be to look at carbon sequestration and storage in these ecosystems mainly
as a co-benefit, not their main benefit.
The third challenge is how to govern natural sink enhancement. Since the services these
ecosystems provide often display characteristics typical of common-pool resources or public
goods, this poses a special management challenge. This is true in particular of marine
ecosystems because high monitoring and enforcement costs for ocean environments imply that
many BCEs are de facto open-access. Furthermore, ecosystem services accrue at different
geographical levels. The major (ecosystem) services like coastal protection are provided at the
local and regional level, while co-benefits like carbon sequestration are relevant at the global
level. Similarly, a range of regional to global pressures affect BCEs directly or indirectly. Even
if local institutions prevent overuse of resources and foster sustainable management – and
strengthening local institutions seems necessary for the bid to achieve CDR and enhance cobenefits –, there is still no guarantee that the outcome will be good in environmental terms. In
many cases, pressures are diffuse and difficult to attribute to a particular firm or person, e.g. in
the case of non-point source pollution.
As an advance in the attempt to set up adequate governance systems for CDR by BCEs and to
reverse the trend of destroying BCEs, we suggest taking detailed stock of current property rights
allocations and local governance structures, focusing on the methods they use to incorporate
BCEs’ ecosystem services and hence how they interact with regional or international
institutions. Local structures are particularly important here, as good management can lead to a
trend reversal of destroying BCEs (De los Santos, 2019; O’Connor et al., 2020; Orth et al.,
2020), but the other levels must not be left out of account. A modified IFRI-like questionnaire
for BCEs should be devised to identify the factors that at various levels constitute successful
governance regimes for BCEs. The current IFRI questionnaire collects information on a wide
range of social predictor variables and ecological outcome variables, the latter including forest
vegetation density and species diversity. Although there are several biophysical predictors such
as elevation or temperature, most predictors relate to potential local user groups and
associations and the activities and institutions related to forest use (Huntington et al., 2016).
Only a few questions investigate the extent to which higher-level authorities supervise or
interact with forest user groups. Given the variety of ecosystem (dis)services provided by BCEs
to users at various geographical levels and the range of non-local pressures and benefits
affecting BCEs (see Table 1), a suitable questionnaire would inquire into the ecosystem-specific
circumstances in this connection and gather information concerning the property rights holders
involved (Sikor et al., 2017). Also of interest are the regulatory, institutional, or organizational
changes in the past that may have affected the BCE’s ecological outcomes, e.g., regulations on
the agricultural use of fertilizers or integration into an international offset regime. Based on
results from such a survey, barriers to sustainable ecosystem management and best-practices
could be identified, which would lay the base to improve governance.
Thus, the focus for supporting the use of BCEs and other nature- or ecosystem-based
approaches for CDR may not be on international payment schemes like REDD+ but rather on
10

international support for setting up suitable local management structures and on a better
understanding of the governance of natural commons across different levels. However, focusing
on setting up suitable local management structures also requires that countries committed to
climate mitigation in line with the Paris targets do not hide the required amounts of CDR behind
ill-defined approaches to the enhancement of natural sinks, but commit themselves to scaling
up engineered CDR. Pinning excessive hopes on ecosystems to provide extra CDR will most
likely not result in the desired outcome—neither for climate mitigation nor for ecosystem
preservation. But ignoring their role in storing carbon is not an option either.

Acknowledgements
CM and WR acknowledge funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 869357 (OceanNETs). CM further
acknowledges funding from the project ASMASYS (Unified ASsessment framework for
proposed methods of MArine CDR and interim knowledge SYnthesiS) funded by the German
Federal Ministry of Education and Research under grant agreement number 03F0898C. WR
further acknowledges funding from the research project SeaStore (Diversity Enhancement
Through Seagrass Restoration) from the German Federal Ministry of Education and Research
under grant agreement number 03F0859E. WR and MR acknowledge funding from the projects
RETAKE (03F0895K) and TestArtUp (03F0897E) both funded by the German Federal
Ministry of Education and Research.

11

Table 1: Overview of services, disservices, and pressures for blue carbon ecosystems and terrestrial forests.
12

References
Ahmed, N., & Glaser, M. (2016). Coastal aquaculture, mangrove deforestation and blue carbon
emissions: Is REDD+ a solution? Marine Policy, 66, 58–66.
Arumugam, M., Niyomugabo, R., Dahdouh-Guebas, F., & Hugé, J. (2020). The perceptions of
stakeholders on current management of mangroves in the Sine-Saloum Delta, Senegal.
Estuarine, Coastal and Shelf Science 247, 106751. doi: 10.1016/j.ecss.2020.106751
Atchison, J. (2019) Green and Blue Infrastructure in Darwin; Carbon Economies and the Social
and Cultural Dimensions of Valuing Urban Mangroves in Australia. Urban Science, 3(3),
86. doi: 10.3390/urbansci3030086
Badola, R., Barthwal, S., & Hussain, S. A. (2012). Attitudes of local communities towards
conservation of mangrove forests: A case study from the east coast of India. Estuarine,
Coastal and Shelf Science, 96, 188–196. doi: 10.1016/j.ecss.2011.11.016
Bellamy, R., & Osaka, S. (2020). Unnatural climate solutions? Nature Climate Change, 10(2),
98-99. doi:10.1038/s41558-019-0661-z
Bennett, N. J. (2016). Using perceptions as evidence to improve conservation and environmental
management. Conservation Biology, 30(3), 582-592.
Bertram, C., & Merk, C. (2020). Public perceptions of ocean-based carbon dioxide removal
technologies: the nature-engineering divide. Frontiers in Climate, 2, 594194.
doi:10.3389/fclim.2020.594194
Bertram, C., Quaas, M., Reusch, T. B. H., Vafeidis, A. T., Wolff, C., & Rickels, W. (2021). The
blue carbon wealth of nations. Nature Climate Change. doi:10.1038/s41558-021-01089-4
Brooks, J. S., Waylen, K. A., & Mulder, M. B. (2012). How national context, project design, and
local community characteristics influence success in community-based conservation
projects. Proceedings of the National Academy of Sciences, 109(52), 21265-21270.
doi:10.1073/pnas.1207141110
Buylova, A., Fridahl, M., Nasiritousi, N., & Reischl, G. (2021). Cancel (Out) Emissions? The
Envisaged Role of Carbon Dioxide Removal Technologies in Long-Term National
Climate Strategies. Frontiers in Climate, 3, 36. doi:10.3389/fclim.2021.675499
Chhatre, A., & Agrawal, A. (2008). Forest commons and local enforcement. Proceedings of the
National Academy of Sciences, 105(36), 13286-13291. doi:10.1073/pnas.0803399105
Chhatre, A., & Agrawal, A. (2009). Trade-offs and synergies between carbon storage and
livelihood benefits from forest commons. Proceedings of the National Academy of
Sciences, 106(42), 17667-17670. doi:10.1073/pnas.0905308106
Coleman, E. A. (2009). Institutional factors affecting biophysical outcomes in forest
management. Journal of Policy Analysis and Management: The Journal of the
Association for Public Policy Analysis and Management, 28(1), 122-146.
doi:10.1002/pam.20405
Coleman, E. A., & Steed, B. C. (2009). Monitoring and sanctioning in the commons: An
application to forestry. Ecological Economics, 68(7), 2106-2113.
doi:10.1016/j.ecolecon.2009.02.006
13

Costanza, R., De Groot, R., Sutton, P., Van der Ploeg, S., Anderson, S. J., Kubiszewski, I.,
Farber, S., & Turner, R. K. (2014). Changes in the global value of ecosystem services.
Global environmental change, 26, 152-158. doi:10.1016/j.gloenvcha.2014.04.002
de los Santos, C. B., Krause-Jensen, D., Alcoverro, T., Marbà, N., Duarte, C. M., van Katwijk,
M. M., Pérez, M., Romero, J., Sánchez-Lizaso, J. L., Roca, G., Jankowska, E., PérezLloréns, J. L., Fournier, J., Montefalcone, M., Pergent, G., Ruiz, J. M., Cabaço, S., Cook,
K., Wilkes, R. J., Moy, F. E., Trayter, G. M.-R., Arañó, X. S., de Jong, D. J., FernándezTorquemada, Y., Auby, I., Vergara, J. J., & Santos, R. (2019). Recent trend reversal for
declining European seagrass meadows. Nature communications, 10(1), 3356.
doi:10.1038/s41467-019-11340-4
Domínguez-Tejo, E., & Metternicht, G. (2018). Poorly-designed goals and objectives in resource
management plans: Assessing their impact for an Ecosystem-Based Approach to Marine
Spatial Planning. Marine Policy, 88, 122–131.
Duarte, C. M., Marbà, N., Gacia, E., Fourqurean, J. W., Beggins, J., Barrón, C., & Apostolaki, E.
T. (2010). Seagrass community metabolism: Assessing the carbon sink capacity of
seagrass meadows. Global Biogeochemical Cycles, 24(4). doi:10.1029/2010GB003793
Duarte, C. M., Losada, I. J., Hendriks, I. E., Mazarrasa, I., & Marbà, N. (2013). The role of
coastal plant communities for climate change mitigation and adaptation. Nature Climate
Change, 3(11), 961-968. doi:10.1038/nclimate1970
Edgar, G. J., Stuart-Smith, R. D., Willis, T. J., Kininmonth, S., Baker, S. C., Banks, S., Barrett,
N. S., Becerro, M. A., Bernard, A. T. F., Berkhout, J., Buxton, C. D., Campbell, S. J.,
Cooper, A. T., Davey, M., Edgar, S. C., Försterra, G., Galván, D. E., Irigoyen, A. J.,
Kushner, D. J., … Thomson, R. J. (2014). Global conservation outcomes depend on
marine protected areas with five key features. Nature, 506(7487), 216–220. doi:
10.1038/nature13022
Ellison, D., Morris, C. E., Locatelli, B., Sheil, D., Cohen, J., Murdiyarso, D., Gutierrez, V.,
Noordwijk, M. v., Creed, I. F., Pokorny, J., Gaveau, D., Spracklen, D. V., Tobella, A. B.,
Ilstedt, U., Teuling, A. J., Gebrehiwot, S. G., Sands, D. C., Muys, B., Verbist, B.,
Springgay, E., Sugandi, Y., & Sullivan, C. A. (2017). Trees, forests and water: Cool
insights for a hot world. Global environmental change, 43, 51-61.
doi:10.1016/j.gloenvcha.2017.01.002
Ferse, S. C.A., Mánez Costa, M., Mánez, K. S., Adhuri, D. S., & Glaser, M. (2010). Allies, not
aliens: Increasing the role of local communities in marine protected area implementation.
Environmental Conservation, 37(1), 23-34. doi: 10.1017/S0376892910000172
Friedlingstein, P., O’Sullivan, M., Jones, M. W., Andrew, R. M., Hauck, J., Olsen, A., Peters, G.
P., Peters, W., Pongratz, J., Sitch, S., Le Quéré, C., Canadell, J. G., Ciais, P., Jackson, R.
B., Alin, S., Aragão, L. E. O. C., Arneth, A., Arora, V., Bates, N. R., … Zaehle, S. (2020).
Global Carbon Budget 2020. Earth System Science Data, 12(4), 3269–3340. doi:
10.5194/essd-12-3269-2020
Gannon, K. E., & Hulme, M. (2018). Geoengineering at the “Edge of the World”: Exploring
perceptions of ocean fertilisation through the Haida Salmon Restoration Corporation.
Geo: Geography and Environment, 5(1). doi: 10.1002/geo2.54
14

Garrard, S. L., & Beaumont, N. J. (2014). The effect of ocean acidification on carbon storage and
sequestration in seagrass beds; a global and UK context. Marine Pollution Bulletin, 86(1),
138-146. doi:10.1016/j.marpolbul.2014.07.032
Gedan, K. B., Kirwan, M. L., Wolanski, E., Barbier, E. B., & Silliman, B. R. (2010). The present
and future role of coastal wetland vegetation in protecting shorelines: answering recent
challenges to the paradigm. Climatic Change 2010, 106(1), 7–29. doi: 10.1007/s10584010-0003-7
Goldstein, A., Turner, W. R., Spawn, S. A., Anderson-Teixeira, K. J., Cook-Patton, S., Fargione,
J., Gibbs, H. K., Griscom, B., Hewson, J. H., & Howard, J. F. (2020). Protecting
irrecoverable carbon in Earth’s ecosystems. Nature Climate Change, 10(4), 287-295.
doi:10.1038/s41558-020-0738-8
Ha, T. T. T., van Dijk, H., & Bush, S. R. (2012). Mangrove conservation or shrimp farmer's
livelihood? The devolution of forest management and benefit sharing in the Mekong
Delta, Vietnam. Ocean & Coastal Management, 69, 185–193. doi:
10.1016/j.ocecoaman.2012.07.034
Hajjar, R., Oldekop, J. A., Cronkleton, P., Newton, P., Russell, A. J., & Zhou, W. (2021). A
global analysis of the social and environmental outcomes of community forests. Nature
Sustainability, 4(3), 216-224. doi:10.1038/s41893-020-00633-y
Hasselström, L., Visch, W., Gröndahl, F., Nylund, G. M., & Pavia, H. (2018). The impact of
seaweed cultivation on ecosystem services - a case study from the west coast of Sweden.
Marine Pollution Bulletin, 133, 53–64. doi: 10.1016/J.MARPOLBUL.2018.05.005
Hatcher, J. (2009). Securing tenure rights and reducing emissions from deforestation and
degradation (REDD). Costs and lessons learned. Social development working papers, 120,
Washington, D.C.: World Bank Group.
http://documents.worldbank.org/curated/en/590481468176683515/Securing-tenure-rightsand-Reducing-Emissions-from-Deforestation-and-Degradation-REDD-costs-and-lessonslearned
Hayes, T. M. (2006). Parks, people, and forest protection: an institutional assessment of the
effectiveness of protected areas. World Development, 34(12), 2064-2075.
doi:10.1016/j.worlddev.2006.03.002
Herr, D. Pidgeon, E. & Laffoley, D. (eds.) (2012). Blue Carbon Policy Framework: Based on the
discussion of the International Blue Carbon Policy Working Group. Gland, Switzerland:
IUCN and Arlington, USA: CI.
Howard, J., Sutton-Grier, A., Herr, D., Kleypas, J., Landis, E., Mcleod, E., Pidgeon, E., &
Simpson, S. (2017). Clarifying the role of coastal and marine systems in climate
mitigation. Frontiers in Ecology and the Environment, 15(1), 42-50. doi:10.1002/fee.1451
Huntington, H., Liang, W., Rice, M., Wilson, S. J., & Agrawal, A. (2016). IFRI Codebook,
Online Version, 1st edition. www.forestlivelihoods.org/wpcontent/uploads/2017/05/IFRI_CODEBOOK_KEY-VARIABLEs-Ver-Final3.pdf
IUCN (2021). Manual for the creation of Blue Carbon projects in Europe and the Mediterranean.
Otero, M. (Ed)., 144 pages.
15

IPCC (2021). Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.
L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang,
K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R.
Yu and B. Zhou (eds.)]. Cambridge University Press. In Press.
IPCC (2019). Summary for Policymakers. In: P.R. Shukla, J. Skea, E. Calvo Buendia, V.
Masson-Delmotte, H.- O. Pörtner, D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van
Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal
Pereira, P. Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley, (eds.). Climate Change
and Land: an IPCC special report on climate change, desertification, land degradation,
sustainable land management, food security, and greenhouse gas fluxes in terrestrial
ecosystems Geneva: World Meteorological Organization.
Keller, J. K. (2019). Greenhouse Gases. In: Windham-Myers, L., Crooks, S., & Troxler, T. G.
(eds.). A Blue Carbon Primer, 93-106, Boca Raton: CRC Press.
doi:10.1201/9780429435362
Kirkman, H., & Kendrick, G. A. (1997). Ecological significance and commercial harvesting of
drifting and beach-cast macro-algae and seagrasses in Australia: a review. Journal of
Applied Phycology, 9(4), 311-326. doi:10.1023/A:1007965506873
Koch, M., Bowes, G., Ross, C., & Zhang, X.-H. (2013). Climate change and ocean acidification
effects on seagrasses and marine macroalgae. Global Change Biology, 19(1), 103-132.
doi:10.1111/j.1365-2486.2012.02791.x
Krause-Jensen, D., & Duarte, C. M. (2016). Substantial role of macroalgae in marine carbon
sequestration. Nature Geoscience, 9(10), 737-742. doi:10.1038/ngeo2790
López-Medellín, X., Castillo, A., & Ezcurra, E. (2011). Contrasting perspectives on mangroves in
arid Northwestern Mexico: Implications for integrated coastal management. Ocean &
Coastal Management, 54(4), 318–329. doi: 10.1016/j.ocecoaman.2010.12.012
Lovelock, C. E., & Duarte, C. M. (2019). Dimensions of blue carbon and emerging perspectives.
Biology Letters, 15(3), 20180781. doi:10.1098/rsbl.2018.0781
Lovelock, C. E., Friess, D. A., Kauffman, J. B., & Fourqurean, J. W. (2019). Human Impacts on
Blue Carbon Ecosystems. In: Windham-Myers, L., Crooks, S., & Troxler, T. G. (eds.). A
Blue Carbon Primer, 17-24, Boca Raton: CRC Press. doi:10.1201/9780429435362
Macreadie, P. I., Anton, A., Raven, J. A., Beaumont, N., Connolly, R. M., Friess, D. A.,
Kelleway, J. J., Kennedy, H., Kuwae, T., & Lavery, P. S. (2019). The future of Blue
Carbon science. Nature communications, 10(1), 1-13. doi:10.1038/s41467-019-11693-w
Mcleod, E., Chmura, G. L., Bouillon, S., Salm, R., Björk, M., Duarte, C. M., Lovelock, C. E.,
Schlesinger, W. H., & Silliman, B. R. (2011). A blueprint for blue carbon: toward an
improved understanding of the role of vegetated coastal habitats in sequestering CO2.
Frontiers in Ecology and the Environment, 9(10), 552-560. doi:10.1890/110004
Millennium Ecosystem Assessment (2005). ECOSYSTEMS AND HUMAN WELL-BEING:
WETLANDS AND WATER Synthesis. Washington, D.C.: World Resources Institute.
https://www.millenniumassessment.org/en/index.html
16

Miteva, D. A., Murray, B. C., & Pattanayak, S. K. (2015). Do protected areas reduce blue
carbon emissions? A quasi-experimental evaluation of mangroves in Indonesia.
Ecological Economics, 119, 127–135.
National Academies of Sciences, Engineering, and Medicine (2019). Negative Emissions
Technologies and Reliable Sequestration: A Research Agenda. Washington, D.C.: The
National Academies Press. doi:10.17226/25259
Nellemann, C., Corcoran, E., Duarte, C. M., Valdes, L., De Young, C., Fonseca, L. &
Grimsditch, G. (eds.) (2009). Blue carbon: the role of healthy oceans in binding carbon:
a rapid response assessment. Nairobi: UNEP. https://www.grida.no/publications/145
O’Connor, J. J., Fest, B. J., Sievers, M., & Swearer, S. E. (2020). Impacts of land management
practices on blue carbon stocks and greenhouse gas fluxes in coastal ecosystems—A
meta-analysis. Global Change Biology, 26(3), 1354–1366. doi: 10.1111/gcb.14946
O'Hagan, A. M., Paterson, S., & Le Tissier, M. (2020). Addressing the tangled web of
governance mechanisms for land-sea interactions: Assessing implementation challenges
across scales. Marine Policy, 112, 103715.
Oldekop, J. A., Sims, K. R., Karna, B. K., Whittingham, M. J., & Agrawal, A. (2019). Reductions
in deforestation and poverty from decentralized forest management in Nepal. Nature
Sustainability, 2(5), 421-428. doi:10.1038/s41893-019-0277-3
Orth, R. J., Lefcheck, J. S., McGlathery, K. S., Aoki, L., Luckenbach, M. W., Moore, K. A.,
Oreska, M. P., Snyder, R., Wilcox, D. J., & Lusk, B. (2020). Restoration of seagrass
habitat leads to rapid recovery of coastal ecosystem services. Science Advances, 6(41),
eabc6434. doi:10.1126/sciadv.abc6434
Ostrom, E. (2010). Beyond markets and states: polycentric governance of complex economic
systems. American Economic Review, 100(3), 641-672. doi:10.1257/aer.100.3.641
Peterson, B. J., & Heck Jr, K. L. (2001). Positive interactions between suspension-feeding
bivalves and seagrass a facultative mutualism. Marine Ecology Progress Series, 213, 143155. https://www.jstor.org/stable/24864208
Porter-Bolland, L., Ellis, E. A., Guariguata, M. R., Ruiz-Mallén, I., Negrete-Yankelevich, S., &
Reyes-García, V. (2012). Community managed forests and forest protected areas: An
assessment of their conservation effectiveness across the tropics. Forest ecology and
management, 268, 6-17. doi:10.1016/j.foreco.2011.05.034
Provost, E. J., Kelaher, B. P., Dworjanyn, S. A., Russell, B. D., Connell, S. D., Ghedini, G.,
Gillanders, B. M., Figueira, W., & Coleman, M. A. (2017). Climate-driven disparities
among ecological interactions threaten kelp forest persistence. Global Change Biology,
23(1), 353-361. doi:10.1111/gcb.13414
Rickels, W., Proelß, A., Geden, O., Burhenne, J., & Fridahl, M. (2021). Integrating Carbon
Dioxide Removal Into European Emissions Trading. Frontiers in Climate, 3, 690023.
doi:10.3389/fclim.2021.690023
Rogelj, J., Shindell, D., Jiang, K., Fifita, S., Forster, P., Ginzburg, V., Handa, C., Kheshgi, H.,
Kobayashi, S., Kriegler, E., Mundaca, L., Séférian, R., & Vilarino, M.V. (2018).
Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development.
In: Masson-Delmotte, V., Zhai, P., Pörtner, H.-O., Roberts, D., Skea, J., Shukla, P.R.,
17

Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock, R., Connors, S., Matthews, J.B.R.,
Chen, Y., Zhou, X., Gomis, M.I., Lonnoy, E., Maycock, T., Tignor, M., & Waterfield, T.
(eds.). Global Warming of 1.5°C. An IPCC Special Report on the impacts of global
warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty, Geneva: IPCC.
https://www.ipcc.ch/sr15/chapter/chapter-2/citation/
Roy, A. K. D. (2016). Local community attitudes towards mangrove forest conservation: Lessons
from Bangladesh. Marine Policy, 74, 186–194.
Royal Society and Royal Academy of Engineering (2018). Greenhouse Gas Removal. ISBN:9781-78252-349-9
Seddon, N., Sengupta, S., García-Espinosa, M., Hauler, I., Herr, D. and Rizvi, A.R. (2019).
Nature-based Solutions in Nationally Determined Contributions: Synthesis and
recommendations for enhancing climate ambition and action by 2020. Gland, Switzerland
and Oxford, UK: IUCN and University of Oxford.
Seddon, N., Chausson, A., Berry, P., Girardin, C. A., Smith, A., & Turner, B. (2020a).
Understanding the value and limits of nature-based solutions to climate change and other
global challenges. Philosophical Transactions of the Royal Society B, 375(1794),
20190120. doi:10.1098/rstb.2019.0120
Seddon, N., Daniels, E., Davis, R., Chausson, A., Harris, R., Hou-Jones, X., Huq, S., Kapos, V.,
Mace, G. M., & Rizvi, A. R. (2020b). Global recognition of the importance of naturebased solutions to the impacts of climate change. Global Sustainability, 3, e15.
doi:10.1017/sus.2020.8
Sikor, T., He, J., & Lestrelin, G. (2017). Property rights regimes and natural resources: a
conceptual analysis revisited. World Development, 93, 337-349.
doi:10.1016/j.worlddev.2016.12.032
Skutsch, M., & Turnhout, E. (2020). REDD+: If communities are the solution, what is the
problem? World Development, 130, 104942. doi:10.1016/j.worlddev.2020.104942
Smale, D. A. (2020). Impacts of ocean warming on kelp forest ecosystems. New Phytologist,
225(4), 1447-1454. doi:10.1111/nph.16107
Smith, P., Adams, J., Beerling, D. J., Beringer, T., Calvin, K. V., Fuss, S., . . . Keesstra, S.
(2019). Land-Management Options for Greenhouse Gas Removal and Their Impacts on
Ecosystem Services and the Sustainable Development Goals. Annual Review of
Environment and Resources, 44(1), 255-286. doi: 10.1146/annurev-environ-101718033129
Song, A. M., Dressler, W. H., Satizábal, P., & Fabinyi, M. (2021). From conversion to
conservation to carbon: The changing policy discourse on mangrove governance and use
in the Philippines. Journal of Rural Studies, 82, 184–195. doi:
10.1016/j.jrurstud.2021.01.008
Stone, K., Bhat, M., Bhatta, R., & Mathews, A. (2008). Factors influencing community
participation in mangroves restoration: A contingent valuation analysis. Ocean & Coastal
Management, 51(6), 476–484. doi: 10.1016/j.ocecoaman.2008.02.001
18

Taillardat, P., Thompson, B. S., Garneau, M., Trottier, K., & Friess, D. A. (2020). Climate
change mitigation potential of wetlands and the cost-effectiveness of their restoration.
Interface Focus, 10(5). doi: 10.1098/RSFS.2019.0129
Thom, D., & Seidl, R. (2016). Natural disturbance impacts on ecosystem services and
biodiversity in temperate and boreal forests. Biological Reviews, 91(3), 760-781.
doi:10.1111/brv.12193
Turschwell, M. P., Tulloch, V. J.D., Sievers, M., Pearson, R. M., Andradi-Brown, D. A.,
Ahmadia, G. N., . . . Brown, C. J. (2020). Multi-scale estimation of the effects of
pressures and drivers on mangrove forest loss globally. Biological Conservation, 247,
108637.
van Oudenhoven, A. P.E., Siahainenia, A. J., Sualia, I., Tonneijck, F. H., van der Ploeg, S.,
Groot, R. S. de, . . . Leemans, R. (2015). Effects of different management regimes on
mangrove ecosystem services in Java, Indonesia. Ocean & Coastal Management, 116,
353-367. doi: https://doi.org/10.1016/j.ocecoaman.2015.08.003
Vegh, T., Pendleton, L., Murray, B., Troxler, T., Zhang, K., Castañeda-Moya, E., Guannel, G., &
Sutton-Grier, A. (2019). Ecosystem Services and Economic Valuation: Co-Benefits of
Coastal Wetlands. In: Windham-Myers, L., Crooks, S., & Troxler, T. G. (eds.). A Blue
Carbon Primer, 249-266, Boca Raton: CRC Press. doi:10.1201/9780429435362
Wall, C. C., Peterson, B. J., & Gobler, C. J. (2008). Facilitation of seagrass Zostera marina
productivity by suspension-feeding bivalves. Marine Ecology Progress Series, 357, 165174. doi:10.3354/meps07289
West, T. A. P., Börner, J., Sills, E. O., & Kontoleon, A. (2020). Overstated carbon emission
reductions from voluntary REDD+ projects in the Brazilian Amazon. Proceedings of the
National Academy of Sciences of the United States of America, 117(39), 24188–24194.
doi: 10.1073/PNAS.2004334117/-/DCSUPPLEMENTAL
Wever, L., Glaser, M., Gorris, P., & Ferrol-Schulte, D. (2012). Decentralization and
participation in integrated coastal management: Policy lessons from Brazil and
Indonesia. Ocean & Coastal Management, 66, 63–72.
Williams, D. S., Rosendo, S., Sadasing, O., & Celliers, L. (2020). Identifying local governance
capacity needs for implementing climate change adaptation in Mauritius. Climate Policy,
20(5), 548–562.
Williamson, P., Boyd, P., Harrison, D., Reynard, N., Mayashekhi, A. (2022). Biologically-based
negative emissions in the open ocean and coastal seas,” in Greenhouse Gas Removal
Technologies (eds Bui, M and N Mac Dowell), Chapter 10, London, Royal Society of
Chemistry.

19

