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Abstract
Blue carbon ecosystems (BCEs), such as wetlands, marshes, mangroves, and seagrasses, warrant
increased attention for their abilities to protect life, property, and environments locally and globally. BCEs
serve as both buffers reducing coastal hazards and carbon sinks storing ‘blue’ carbon in aquatic plant life
and soils. While research exists on BCE functions and bene�ts, their global diversity necessitates a
collection of localized research investigating the unique dynamics and histories of distinct BCEs. The
historic degradation of coastal ecosystems proves the need for purposeful, well-informed, sustainable
ecosystem management to conserve and restore BCEs. We conducted a systematic literature review to
understand the existing body of research on synergies between BCEs and ecosystem-based disaster risk
reduction (Eco-DRR). We investigated how prior research employed various research methods, discussed
key aspects of sustainable land management, and considered geographic locations and scales. We
discovered localized case studies have incredible insights on the e�cacy of BCEs along with context-
speci�c strategies for sustainable ecosystem management. However, as these case studies are not
plentiful and are concentrated in North America and Asia, they do not account for the diversity of BCEs.
We suggest increased support for localized research on the bene�ts and implementation of BCEs as Eco-
DRR measures.

1.0 Introduction
Healthy coastal ecosystems are vital to the preservation and safety of individuals, societies, and
environments around the world both because of the role they play in climate change mitigation and
because of their capacity to reduce risk of disaster caused by tides, storms, and �oods. Though blue
carbon ecosystems are ubiquitous in coastal regions, the term was only coined in 2009 to describe
ecosystems like mangroves, salt marshes, seagrasses, and various wetlands, which abound in coastal
plants that store and sequester organic compounds like carbon dioxide, thereby preventing the release of
carbon into the atmosphere and mitigating climate change (Nellemann et al., 2009, Mcleod et al., 2011,
Pendleton et al., 2012). The carbon is stored both in the living aquatic plants and in the soil that the
plants generate as they decay and settle on the ocean �oor. In seagrass meadows for instance, 95% of
stored carbon exists within the meadow soils (US Environmental Protection Agency, 2016). While carbon
sequestration contributes to human and environmental security by combatting long-term trends in
climate change, these ecosystems also serve as a natural buffer zone to storm damage, �ooding, and
coastal erosion (Sutton-Grier et al., 2014, Shepard et al., 2011). In comparison to grey-infrastructure
disaster risk reduction measures like seawalls, blue carbon is an attractive investment because it is cost-
effective and it has many co-bene�ts such as creating sustainable livelihood opportunities, fostering
biodiversity, and �ltering agricultural and industrial waste (Nellemann et al., 2009, Grimsditch et al.,
2013).

Through a review of existing academic literature, this paper will investigate the state of academic
literature around the role that blue carbon ecosystems can play in ecosystem-based disaster risk
reduction (Eco-DRR) by analyzing 1) which academic disciplines are contributing to research on the
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synergies between blue-carbon ecosystems and Eco-DRR, 2) what aspects of this topic these researchers
are concerned with, 3)what methods they are using, and 4) where the research is concentrated. This will
begin with an introduction to basic concepts and de�nitions of blue carbon ecosystems and Eco-DRR
measures, as well as their intersections. Secondly, this paper will detail the methods used to
systematically identify, re�ne, and analyze a collection of relevant literature. Section three discusses the
statistical trends and major themes present in this body of research, followed by a discussion section,
which will detail the questions that we were not able to answer in this literature review due to research
gaps as well as our own limitations. Finally, section �ve will conclude the paper, summarizing the existing
body of research and suggesting opportunities for scholars to further explore the potential of blue carbon
ecosystems in disaster risk reduction.

1.1 BACKGROUND AND DEFINITIONS

1.1.1 Ecosystem-Disaster Risk Reduction (Coastal ecosystem-DRR)

Ecosystem-based disaster risk reduction (Eco-DRR) is a series of sustainable environmental management
strategies that aim to leverage the regulatory functions of ecosystems for the purpose of preventing,
mitigating, or diminishing the impacts of disasters (Estrella and Saalismaa, 2013, UNEP, 2020). While
standard disaster risk reduction measures attempt to minimize the likelihood and severity of system
shocks by improving capacities to prepare, manage, respond, and recover, Eco-DRR attempts to contribute
to this effort by recognizing the capacity of naturally occurring systems to handle such shocks
(Sudmeier-Rieux and Ash, 2009). Eco-DRR relies on strategies that are simultaneously innovative in their
approaches to conservation and restoration, yet reliant on often ancient ecosystems, which are complex
webs of �ora, fauna, geological structures and hydrological bodies (Estrella and Saalismaa, 2013,
Millennium Ecosystem Assessment, 2005).

As blue carbon ecosystems are uniquely composed to thrive in or near sometimes tumultuous bodies of
water, wetland ecosystems like mangroves, seagrasses, and salt marshes provide excellent Eco-DRR
measures because they are often effective in absorbing tides and storm surges to prevent �ooding and
coastal erosion (Campbell et al., 2009). The dynamics of this can be seen in Figure 1, and are described
in more detail with regards to speci�c types of blue carbon ecosystems in the following sections.

1.1.2 Wetland

‘Wetland’ is a blanket term used to refer to ecosystems such as coastal wetlands, peatland, mangrove
forests, estuarine wetlands, and marshes, which have waterlogged soils, high water levels, and plants
adapted for such conditions (Guo et al., 2017, NOAA, 2021). While wetland is not synonymous with blue
carbon ecosystems, wetlands do serve as blue carbon ecosystems and are often referenced throughout
literature that does not explicitly identify them as blue carbon ecosystems. As is the case with blue
carbon ecosystems, wetlands provide many valuable ecosystem services such as improving water
quality, preventing coastal erosion, recharging groundwater, and disaster risk reduction via �ood and
drought prevention (Guo et al., 2017).
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1.1.3 Mangroves

Mangroves describe coastal forests that contain shrubs and trees, which have aerial roots that are
remarkable in their ability to capture and store atmospheric gasses at a rate of four times that of
terrestrial forests (Siikamaki et al., 2013, Donato et al., 2011). Additionally, these root systems diminish
the force of tides and storm surges that otherwise result in coastal erosion, �ooding, and associated
destruction (Siikamäki et al., 2013). Through these ecosystem services combined with co-bene�ts like
�ltering pollutants and supporting sustainable livelihoods, it is estimated that mangroves provide $1.6
billion (USD) in annual value globally (Blue Carbon Initiative, 2010). As an aquatic forest ecosystem,
mangroves are primarily found in estuaries, deltas, and coastal lagoons. The current global coverage of
mangroves is estimated to be 139,170km (Giri et al., 2011).

1.1.4 Seagrasses

Seagrasses are marine plants that are unique as the only plants able to survive while completely
submerged underwater (Siikamaki et al., 2013). While they live, pollinate, and reproduce underwater, they
are more concentrated in the shallow coastal areas that have enough sunlight to enhance their growth, so
they typically grow into semi-aquatic meadows (TheWildlifeTrust, 2021). Like mangroves, seagrasses
have a huge capacity to store carbon both in living plants and in the soils they create, as well as utility in
disaster risk reduction. They �lter pollutants and their roots and lush soil help stabilize seabeds, thereby
decreasing the force of waves as they approach coastlines. This minimizes coastal erosion and
destruction caused by storms and hurricanes. According to the United Nations Environment Programme
(UNEP), seagrass ecosystems cover 319,000 km2 of the globe, with a concentration of 70% located in
tropical areas between the Tropic of Cancer and the Tropic of Capricorn (UNEP-WCMC, 2005).

1.1.5 Salt Marshes

Like seagrass and mangroves, salt marshes are effective at capturing and storing carbon within plants
and sediment as well as protecting land from storm surges and sea-level rise (TheWildlifeTrust, 2021).
Salt marshes are a type of wetland that forms in low-energy inter-tidal zones inside estuaries and bays
(Leonardi et al., 2018). Salt Marshes are special because due to high tides, plants are able to adapt and
cope with high salinity and regular submersion (Mcowen, 2017). This combination of specialized
vegetation and the location at pivotal water ingress points equips salt marshes to buffer against the
impact of tides and storms (Leonardi et al., 2018). Salt marshes cover roughly 51,000 km2 worldwide,
primarily outside of the tropics in the North Atlantic (Chmura et al., 2003, Mcowen, 2017).

2.0 Methodology
This literature review used the Clarivate Web of Science database to conduct and screen keyword
searches in order to select peer-reviewed research papers which dealt both with blue carbon and with Eco-
DRR. To better ensure the relevance of the �nal search term selection, we �rst conducted a thorough, non-
systematic literature search with google scholar to identify relevant concepts and terms.
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To explore the relationship between blue carbon and Eco-DRR, selected research papers had to include
both concepts. Thus, the search on the Clarivate Web of Science database used an iterative search
process with two separate groups of terms. Group 1 included terms related to blue carbon ecosystems,
which were identi�ed through the previously mentioned non-systematic literature search. Through this
initial literature search, it was clear that researchers discussing similar topics may use different terms. For
instance, instead of requiring all publications to include "blue carbon", an “OR” operator was used, thereby
considering papers describing types of blue carbon, such as salt marshes, that may not have been
explicitly referred to as blue carbon within the papers. Group 2 included terms related to Eco-DRR, which
were selected based on terms and examples from a publication from the International Union for the
Conservation of Nature (IUCN) on Nature-based Solutions (NbS), which encompasses Eco-DRR (Cohen-
Schachem et al. 2016). However, Group 2 terms are limited to those that explicitly addressed disaster risk,
excluding terms like “Nature-based Solutions” and “climate adaptation”, which yielded papers concerned
with the capacity of blue carbon ecosystems to serve as carbon sinks rather than the capacity to aid in
disaster risk reduction. There were no limitations on the year of publication. However, research around
this topic became more common after the term "blue carbon" was coined in 2009. Therefore, even the
broadest searches returned primarily papers published in 2009 or later (Bertram et al. 2021). Additionally,
the search was limited to English-language publications.

Below are the �nal terms for the two search groups:

● Group 1: "Blue Carbon" OR "Coastal Ecosystem" OR "Salt Marsh*" OR "Seagrass*" OR "Mangrove*" OR
"Wetland*" OR “Coastal Marsh*”

● Group 2: "Ecosystem Disaster Risk Reduction" OR "Disasters" OR "DRR" OR "Hazard Mitigation" OR
"Risk Management" OR "Risk Reduction" OR "Ecosystem-based Mitigation" OR "Risk Mitigation"

The �rst search, which included only blue carbon terms from group one, returned 84,890 results. The
second search paired terms from Group 1 with those from Group 2 using an "AND" operator, ensuring that
each selected source had at least one term from Group 1 and one term from Group 2. This returned 725
results, which were then further re�ned by a screening for publications that had the terms either in the title
or abstract. This abstract and title search yielded 212 results. The remaining 212 papers were screened
through a process of reading abstracts and titles to identify thematically irrelevant papers (ex: "Novel
miniature mobile cardiac catheterization laboratory for critical cardiovascular disease following natural
disasters: a feasible study"). The combination of terms from Group 1 and 2 also returned a number of
publications with disaster assessments cataloging the effects of disasters such as oil spills and
typhoons on blue carbon ecosystems. As this study is interested in how blue carbon ecosystems are used
as a method of prevention and mitigation, we elected to eliminate disaster assessment publications in
the manual screening process. This screening process culminated in 53 papers that addressed the
relationship between blue carbon ecosystems and Eco-DRR.

Following this selection, was a coding process, in which researchers carefully read and analyzed each of
the 53 articles. This process led to the exclusion of an additional 13 papers which, within the context of
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our study, did not place adequate focus on the synergies between blue carbon ecosystems and Eco-DRR.
The �nal selection of 40 papers was then coded to analyze the following variables: authorship; year of
publication; Publishing Journal; whether the publication was open access; study location (if applicable);
study scale (if applicable); study method; blue carbon terms referenced; themes discussed in the paper.
This information is aggregated in Table 1, which can be seen as an appendix item.

As a supplement to the manual process of thematic coding, the 40 papers were processed through
Leximancer, a text analytics software that identi�es key terms and themes to produce conceptual maps,
providing an overview of a text or a body of texts (Leximancer, 2021). While leximancer is an automated
software, the concept map generation did require a degree of manual input and modi�cation. For
instance, certain terms such as “doi”, “�g”, and “table”, were removed from the initial identi�cation of
terms. While these terms likely appeared in nearly every publication, they represent formatting rather than
conceptual themes. Another modi�cation was the merging of concepts that appeared multiple times
through pluralization or nominalization (ex: ‘�ood’, ‘�oods’, ‘�ooding’). One limitation of Leximancer is
that it only identi�es single-word concepts. However, it offers the option of compounding concepts, which
was necessary our analysis because many central concepts, such as ‘salt marsh’, ‘risk assessment’, or
‘disaster risk reduction’ are multi-word concepts. Through this process, 118 terms were identi�ed, which
Lexigram then used to generate a concept map displaying how they cluster and relate to each other
throughout the body of texts.

3.0 Results
3.1 Data Analysis

Of the 40 publications reviewed in this study, 65% presented original research, while 35% were reviews
centered on pre-existing research. Throughout the body of texts, a variety of research methods were
employed, including hazard modeling, risk assessments, cost-bene�t analyses, economic impact
assessments, community surveys, and interviews. Methods involving Geographic Information Systems
(GIS) appeared in 40% of papers reviewed, including papers with a variety of disciplines and research
goals.

Each paper referenced at least one of the four types of blue carbon ecosystem (wetlands, mangroves,
seagrasses, salt marshes) identi�ed in the introduction of this review, with nine papers (22.5%)
referencing at least two. The most frequently referenced category was wetlands, which eighteen papers
(45%) discussed. Ten papers (25%) discussed mangroves, while six (15%) discussed salt marshes and
four (10%) discussed seagrasses.

The papers in this study presented research focused at different spatial scale scales ranging from the
Community/municipality level to the global level. The majority were tied to a speci�c geographic location
with only �ve papers (12.5%) addressing Eco-DRR and blue carbon at a global scale. An additional four
papers (10%) discussed generalized concepts for which a location was not necessary (ex: environmental
processes, technologies, and engineering solutions). The remaining thirty-one papers included studies in
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sixteen different counties, the distribution for which is depicted in Figure 6. Of these studies, two were on
a multi-national scale, eight were on a national scale, ten were on a regional scale, and eight were on a
local.

Though this review placed no limitations on the year of publication, the query returned no paper released
prior to 2006 and only three papers in or before 2009. This is unsurprising because the term "blue carbon"
was coined in 2009, at which point interest and understanding of blue carbon increased (Bertram et al.,
2021). Due to this continued growth, 77.5% of documents reviewed were published in 2016 or later.
Though there appears to be a dip in publications in 2021, this is likely misleading as this review was
conducted in 2021, likely before the publication of additional papers. This trend of growing interest and
research can be seen in Figure 9, which shows publications per year. The papers were published by 31
distinct journals and over half (21) of the papers were open source. The most common journals were
Frontiers in Marine Science with four entries, the International Journal of Disaster Risk Reduction with
three entries, and PLoS ONE with three entries.

Through the close reading during the coding process, the papers were categorized according to major
themes in methods, key concerns, analysis, or discussion. Sixteen papers (40%) employed at least one
method of GIS. Twenty-four papers (60%) detailed either the gravity or the causes of blue carbon
ecosystem degradation. Twenty-nine papers (72.5%) discussed the importance or methods of
conservation (45%), restoration (52.5%), or establishment (7.5%) of blue carbon ecosystems. Discussions
of economic factors appeared in �fteen papers (37.5%), nine of which conducted economic assessments
such as cost-bene�t analysis or economic impact assessments. Twenty-three (57.5%) papers detailed
policy suggestions or implications of their respective research.

3.2 Literature Synthesis

3.2.1 Using Geographical Information System to analyse Blue Carbon for Eco-DRR

The study �ndings reveal that 40% of the original research adopted the use of Geographic information
system (GIS) techniques to analyze the potential of mangroves and wetlands in different areas,
especially within the context of the urban setting. Also, other papers analyze the trend in the deterioration
of essential coastal ecosystems and how they contributed to the increasing impact of the disaster, they
further recommend the needs for replantation, conservation, and sustainable management of wetland
and mangroves at those study locations. Due to the threats on mangroves in China, they conducted
mangrove suitability assessments via GIS revealing 16,800 ha of area with the potential for mangrove
restoration (Li et al., 2021).

To prove the essentiality of the coastal ecosystem (i.e wetland) in reducing the disaster impact. Bousquin
et al., 2019 analyze how wetland reduces �ood risk vulnerability, they use geospatial technology to
analyze which region of the study area bene�ts from reduced �ood risk through existing wetlands. Their
�ndings validate the potential of the wetlands ecosystem in reducing �ood damages by attenuating
surface water in some parts of the United States.
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(Wang et al., 2012) research on how the deterioration of coastal ecosystem due to land-use changes
(urbanization and mining) contributes to the disastrous impact of �ood and droughts in Jilin, China
between 1980- 2007, they adopted geospatial techniques to analyze how the conversion of forested land,
grassland, wetland to arable land (mainly the dryland) brought about some negative effects (�ood
disasters) on the local environment over the years. They recommended the reforestation of mangroves
and wetlands to minimize future coastal hazards.

3.2.2 Degradation of Blue Carbon Ecosystems

Degradation of blue carbon ecosystems is a common phenomenon in coastal areas around the world,
with an annual global decline rate of 1-2% (Karanja et al,. 2018). In addition to the global threat this poses
to human and environmental security through the release of carbon, degradation of blue carbon
ecosystems also poses an immediate threat at local scales because it exposes people, property and land
to �ood-related hazards. Mendez et al estimate that around the world, mangroves shield over 15 million
people from �oods (Menéndez et al., 2020). The primary cause of this degradation worldwide is land-use
change, as mangroves and salt marshes are cleared and developed into urban and peri-urban areas or
converted into agricultural land for growing crops or grazing livestock (Phethi et al., 2019). Urban
replacement of blue carbon ecosystems also further increases �ood risk by sealing and altering natural
drainage characteristics (Gupta et al., 2011). Additional factors such as climate change, rising sea level,
severe weather events, and pollution also contribute to the deterioration of these ecosystems.

Several of the case studies in this review investigated the scale and consequences of blue carbon
ecosystem degradation in local, regional, and national contexts. A study of Bangalore and Chennai, India
explored the relationship between rapid, extreme urbanization, wetland decline, and urban �ooding.
Between 1993 and 2007, built-up area in Bangalore increased by 466% resulting in a decrease of
wetlands from 51 to 17, which has contributed to increased �ooding via a “loss of natural �ood storage”
and drainage obstruction (Gupta et al., 2011). Through a spatiotemporal analysis, Isunju et al. found that
the Nakivubo wetland in Kampala, Uganda experienced a 62% reduction in wetland vegetation between
2002 and 2014 primarily due to increased crop cultivation (Isunju et al., 2016). This increased risk of
�ooding both by compromising the ecological �ood buffer and by bringing more people and property into
hazard-exposed areas. These community-level consequences of blue carbon ecosystem degradation
underscore the direct bene�t that these ecosystems have for people and their communities.

3.2.3 Sustainable Land Management: Conservation vs. Restoration vs. Establishment

In response to these trends of degradation and their associated consequences in disaster risk, many
documents in this review highlighted the need for policies, organizations, and communities to focus on
sustainable land management practices through the conservation of existing ecosystems, the restoration
of degraded ecosystems, and the establishment of new blue carbon ecosystems. Conservation is often
considered the ideal method because it requires fewer interventions and is, therefore, less cost-intensive
and more likely to succeed than restoration and establishment, as restoration efforts have historically
had low success rates (Balke et al., 2016). Some studies also found conserved ecosystems to be more
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effective at disaster risk reduction than restored and newly established ecosystems (Menéndez et al.,
2020).

However, restoration is still a key and necessary component of Eco-DRR land management strategies in
blue carbon ecosystems because historic and ongoing degradation have left many populations and
structures exposed to �ooding without natural protection through healthy blue carbon ecosystems. When
conservation is no longer an option, restoration efforts are necessary to enable natural ecosystem-based
�ood protection. A study of four countries in East Africa found that this was the case in many of the
“priority concern districts” in which socio-economic vulnerability was high. To protect these districts, a
combination of conservation and restoration was necessary to maximize �ood protection (Ballesteros et
al., 2021).

Though less common and even more challenging than restoration, some publications did discuss
methods to establish new mangroves as ecosystem-based adaptation methods to �ooding through green
and hybrid infrastructure engineering (Takagi, 2019).

3.2.3 Economics Value Assessment of Blue Carbon Ecosystems

As sustainable management of coastal ecosystems is a key component to coastal disaster risk reduction,
it is necessary to quantify the value of blue carbon ecosystems and their associated services in order to
facilitate the protection of public and private entities in coastal regions. This quanti�cation of the
economic values of the blue carbon ecosystem will foster more opportunities for public-private
cooperation in conservation and sustainable use of blue carbon ecosystems (Menéndez et al., 2020).
Menéndez et al., 2020 researched the economic value of �ood prevention enabled by coastal wetlands
and mangroves in the Philippines, revealing that the presence of mangroves provides roughly 1 Billion
US$ annual savings and protects 613,461 people from �ood hazards (Menéndez et al., 2020). Narayan et
al., 2017 research �ndings similarly reveal that through �ood reduction, coastal wetlands prevented over
$625 Million (USD) in �ood damages throughout in 12 coastal states which Hurricane Sandy struck in
2012 (Narayan et al., 2017).

Additionally, numerous researchers have studied the low cost of adopting coastal ecosystems in
comparison to “gray infrastructure” like seawalls and coastal dikes. While the construction of coastal
dikes is one of the methods that can be implemented to mitigate future tsunamis, this type of solution is
often not possible in developing countries due to �nancial constraints (Takagi, 2019). In order to avoid
the high cost that accrues from adopting hard engineering, countries can take the advantage of adopting
coastal ecosystem solutions which are more cost-effective (Takagi, 2019). Natural methods that rely on
sustainable management of blue carbon ecosystems combined with other buffers like sand dunes and
coral reefs require minimal capital investment in contrast to the arti�cial measures (Tanaka, 2009). These
ecosystem-based adaptations also have co-bene�ts of enhancing network relationships with surrounding
ecological systems and providing recreational spaces in the form of beach fronts (Tanaka, 2009).
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Despite the fact researchers have a relatively strong understanding of the relationship between coastal
hazards and coastal ecosystems, there is still only a small body of research on the economic value of
coastal ecosystem solutions as an Eco-DRR method (Boutwell et al., 2016). Based on this backdrop, there
is a need for more research that analyzes the economic value of adopting coastal ecosystems solutions
such as wetland, mangroves and seagrass.

3.2.5 Policy Suggestions and Implications

Intentionally directed, science-based policy is a necessary component to the sustainable management of
blue carbon ecosystems, which is evidenced by the widespread degradation of blue carbon ecosystems
when unrestricted and unmonitored. The policy suggestions made in this body of research were directed
toward urban planners, environmental managers, disaster risk reduction practitioners, and governmental
units at various levels.

Many researchers suggest the need to establish national systems and governmental bodies responsible
for monitoring, improving and maintaining protective coastal ecosystems and for enforcing protective
policies. Luo et al. 2015 emphasized the need for China to establish a coastal erosion management
system as well as decision-makers and stakeholders who manage the tension between environmental
and economic needs (Luo et al., 2015). In a study on wetlands in the United States, Endter-Wada et al.
stressed the need for policy innovation to combat the repercussions of wetland degradation, and
therefore suggested a national wetland commissions to “strategically link wetland protection to other
societal objectives, including human disaster risk planning, infrastructure investments, and climate
adaptation strategies,” (Endter-Wada et al., 2020). This focus on standardized and well-conducted
national policies often results from a historical lack of appropriate policies and law enforcement
(Quevedo et al., 2020).

Speci�c, non-standardized policy suggestions and implications vary by nation, region, and locality,
because the dynamics and histories of each ecosystem are unique, as are dynamics of the societies
connected to those ecosystems. Therefore, decision makers should construct policies grounded in an
awareness of local economies, political systems, and environmental landscape and processes (Douglas,
2018). An example of a situationally grounded recommendation came out of a study in Limpopo, South
Africa, which assessed wetland degradation, determined that the primary cause was agricultural
encroachment, and offered two suggestions; 1) fence off wetland areas to prevent further encroachment;
2) promote education initiatives to teach residents about the importance of the wetlands for the safety of
themselves and their communities (Phethi et al., 2019). More locally informed and speci�c research is
needed to offer practical and effective policy suggestions to coastal ecosystem adjacent communities
around the world.

3.2 Leximancer Concept Map

The Leximancer analysis provided some key insights into the texts that support, and contribute to those
identi�ed in the thorough reading and coding process. Leximancer generated a frequency count of the
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118 identi�ed terms and a map diagramming how these key terms cluster and relate to each other
throughout the documents in this review. The most common terms were ‘coastal’, used 1861 times,
‘mangrove’, used 1629 times, and ‘�ood’ used 1589 times. The two layers of the concept map show
linkages between related terms, seen in Figure 10, and twelve central concepts around which terms
cluster, seen in Figure 11. Both the size of the grey dots representing the term and the size of the colored
circles representing the central concepts correlate to the frequency with which they appear in the texts.

From left to right the map transitions gradually from concepts and terms focussed on earth-systems
science, such as ‘vegetation’ and ‘wave’, to those focussed on human and societal systems, such as
‘economic’, ‘urban’ and ‘development’. The terms and concepts in the center of the diagram show how
earth system science and human systems are connected throughout the reviewed literature. For instance,
the concept ‘risk’ and its associated terms like ‘exposure’, ‘reduction’, ‘communities’ and ‘disaster’ provide
a link between the ‘coastal’ and ‘economic’ concepts.

Though this literature review focuses on the role of blue carbon ecosystems in disaster risk reduction, this
analysis interestingly did not identify ‘blue’ or ‘carbon’ as regularly occurring terms. Many of the papers
referred instead to types of blue carbon ecosystems such as ‘mangroves’ and ‘salt marshes’. Rather than
a research gap, this indicates an inconsistency in nomenclature across disciplines and geographies. Any
review of blue carbon should also consider terms that indicate blue carbon ecosystems but may not be
speci�cally referred to as such. Similarly, it is possible that other core concepts may not appear in the
Leximancer analysis due to inconsistent nomenclature.

4.0 Discussion
This review shows that blue carbon ecosystems have a dual utility in improving human security through
carbon sequestration, which contributes to climate change mitigation and coastal risk reduction. The
analysis illuminates the current state of literature, recurring themes and trends, and gaps in the
knowledge surrounding blue carbon ecosystems as Eco-DRR measures. A major limitation of the review
is that it only assesses scienti�cally published studies though it is likely that signi�cant discussion
among planners, policy makers, stakeholders and decision makers occurs in other settings like project
reports and policy briefs. However, a foundation of scienti�cally grounded research is also necessary for
such practical applications, so a literature review focussing exclusively on scienti�cally published studies
is both necessary and relevant. Another limitation is the wide variety nomenclature surrounding both blue
carbon ecosystems and Eco-DRR, which may have resulted in the neglect of related terms from our Web
of Science query. However, as the selected terms were prepared based on key terms found in scienti�c
literature, they did reveal a detailed collection of publications that provide valuable insight into the
subject.

While the majority of papers held positive perspectives on the role of blue carbon ecosystems in disaster
risk reduction, some were critical of the capacity of such ecosystems to combat severe incidents like
typhoons and tsunamis. Though blue carbon ecosystems do have the capacity to diminish waves and
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storm surges, researchers warn that these systems do have thresholds that severe impacts may exceed,
leading to failure and even collapse of the ecosystems (Gijsman et al. 2020).

The advancement in Geospatial techniques paved the way for the use of GIS in analyzing the potential of
mangroves and wetlands as one of the Eco-based solutions for reducing coastal hazards. GIS has
therefore been used to assess the state of blue carbon ecosystems on global and local scales, revealing
both successful and potential blue carbon ecosystems (Jones et al., 2020). Some of the reviewed papers
used GIS techniques to analyze the impact of �ood disasters on areas with no ecosystem compared to
areas with the presence of mangroves and wetlands. This proves the synergies of Blue carbon as the
element of Eco-DRR and seeks future research to assess the real-time changes or deterioration of
mangroves, wetlands and salt marshes.

Sustainable Land Management, informed by scienti�c research, is central in ensuring the continued
success of existing blue carbon ecosystems and creating possibilities for renewed �ourishing of such
ecosystems. Among researchers, there is a hierarchy of strategies with conservation being preferred,
followed by restoration, then establishment of new blue carbon ecosystems. However, when critical
wetlands, mangroves, salt marshes, and seagrasses have been depleted, restoration is a necessary
means to protecting poeple, property, and ecologies. Understanding why ecosystems have been degraded
is a key component to understanding how they can be restored. A wider body of locally speci�c
knowledge is necessary in this persuit.

The global distribution of national, regional, and local studies investigating blue carbon ecosystems in
disaster risk reduction is a crucial research gap that is relevant to each of the themes explored in the
textual analysis: GIS analysis; ecosystem degradation; sustainable land management; economic value
assessments; and policy suggestions. This review only revealed case studies in sixteen countries, with
signi�cant clusters in the United States and East and Southeast Asia. In contrast, no studies took place in
South America, a continent with only two land-locked countries. This poses a signi�cant problem to a
complete understanding of blue carbon ecosystems, because they vary greatly due to unique local
environmental processes and systems and distinct local histories. There is also a broad scope of
interactions and relationships that humans and societies have with wetlands, based on cultural values
and utilized ecosystem services. It is neither necessary nor possible to compile a comprehensive body of
research examining every combination of these factors. However, a more detailed catalogue is necessary
when applying concepts to new locations. For instance, the driving factors for coastal ecosystem
degradation vary from place and range from agricultural and industrial runoff, land-use change,
unsanctioned livelihood activities, invasive species, or a combination thereof. These factors can be tied to
culture and ecology speci�c to certain regions or countries. Therefore, when policy makers look to
research, to inform decisions, locally relevant research is necessary.

5.0 Conclusion
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Blue carbon ecosystems not only have the capacity to mitigate climate change, but also to reduce the risk
of disasters related to coastal hazards. In this paper, we investigated the role of blue carbon as an
ecosystem disaster risk reduction method by examining the state of various academic literature that
addressed both Eco-DRR and blue carbon ecosystems. Some of the literature adopted geospatial
techniques as a tool to explain the trend in the deterioration of coastal ecosystems (mangrove, wetland,
and salt marshes). They reveal the scale and consequence of blue carbon ecosystem degradation in
local, regional, national context and how their absence can contribute to an increasing impact of the
disaster. We conclude that the community-level consequences of blue carbon ecosystem degradation
underscore the direct bene�t that these ecosystems have for people and their communities.

Several studies also explained blue carbon ecosystems to be a more effective method to mitigate and
reduce coastal hazards, emphasizing the need for restoration and conservation of blue carbon
ecosystems such as mangroves, salt marshes, and wetlands. Quantifying the economic values of the
blue carbon ecosystem will foster more opportunities for public-private cooperation in the conservation
and sustainable use of blue carbon ecosystems (Menendez et al., 2020). Therefore, we recommend future
research on the quanti�cation of the bene�t of blue carbon in reducing coastal hazards.

Finally, we also recommend continued efforts and research in wide-spread sustainable management of
wetland and mangroves via conservation and replantation. Additionally, we recommended the need for
policies, organizations, and communities to focus on sustainable ocean resource management practices
through the conservation of existing coastal ecosystems, the restoration of degraded ecosystems, and
the establishment of new blue carbon ecosystems.
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Figure 1

Graphic displaying the Eco-DRR services provided by healthy coastal ecosystems. These complex
systems absorb and dissipate energy, resulting in decreased wave height and frequency, which in turn
decreases the impact of the hazard on the human settlement. Source: Ruckelshaus et al., 2020.

Figure 2

Wetland Source: TRACKVIA,2013
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Figure 3

Mangrove oceanic tree root systems Source: IUCN , 2021

Figure 4

Seagrasses Source: Grist, 2021

Figure 5
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Salt Marshes (Spartina alterni�ora) Source: USDA NRCS PLANTS Database, 2005

Figure 6

Map showing the number of research studies per country

Figure 7

Chart showing the percentage of studies conducted at multinational, national, regional, and local levels
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Figure 8

Chart showing the number of publications per year that addressed both blue carbon ecosystems and Eco
DRR.

Figure 9

This image is not available with this version

Figure 10

Leximancer Analysis Term Map: Map shows how the most common terms cluster and relate to each
other. The size of the circles correlates to the frequency of use.

Figure 11

Leximancer Analysis Concept Map: Map that displays central concepts of the common terms. The size of
the circles correlates to the frequency of the various terms.
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