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Abstract: The evidence for the capacity of mangrove forests for coastal protection gained more
importance within the recent decade because of important international agreements, such as the
Sustainable Development Goals and Sendai Framework for Disaster Risk Reduction. However, the
degree to which researchers agree on the capacity of mangroves to reduce coastal hazards is not fully
established. This study employed a multilevel review process that selected 45 peer-reviewed articles
for detailed analysis. Significant findings revealed a strong agreement amongst scientific literature
on the benefits of mangrove forests in reducing coastal hazards. However, findings also revealed
the dominance of single-discipline research, and less representation of countries in Africa and South
America. Limitations in sampled studies highlight the limited number of global studies conducted
on mangrove forests’ effectiveness in attenuating coastal hazards, and the limited representation of
development and disaster studies. It is recommended that future research on mangrove forests and
their coastal hazard reduction capacity should explore multidisciplinary approaches, and synergies
in fieldwork and simulation methods while considering possible future climate change situations.

Keywords: mangrove forests; coastal hazards; effectiveness; level of agreement; ecosystem-based
disaster risk reduction

1. Introduction

With the adoption of global frameworks such as the Sustainable Development Goals
and the Sendai Framework for Disaster Risk Reduction, ecosystems and their role in climate
change adaptation and disaster risk reduction gained importance and more attention from
political stakeholders [1,2]. However, the degree to which nature-based solutions such
as mangrove forests can reduce the impacts of natural hazards and climate change is
not entirely understood [1]. However, a holistic understanding of nature-based solutions
is essential as scientific evidence is needed to convince policymakers to consider, and
eventually implement, mangrove forests as nature-based solutions in their local context [1].
Moreover, decision-makers often do not possess detailed understanding of the conditions
under which nature-based solutions offer benefits for disaster risk reduction [3]. Trends
such as rapid urbanisation, infrastructure build-up close to the coast or the increased
frequency of extreme natural events make coastal communities vulnerable to climate
change and natural hazards [4].

McIvor et al. [5] pointed out that by the end of this century, a significant part of the
world’s population will be threatened by sea level rise. Furthermore, the annual economic
losses and costs of maintaining traditional built-up infrastructure against natural hazards
will increase. Therefore, new long-term strategies beyond engineering solutions are needed.
Hence, this paper focuses on the coastal region and related hazards. Nature-based solutions,
of which mangrove forests are a part, can contribute two-fold to protecting communities
from coastal hazards. First, ecosystems can reduce the exposure of coastal human and
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natural systems to extreme events by acting as an ecological defence structure or buffer
zone [2]. Second, by offering provisioning services such as “[ . . . ] income-generating
activities and livelihoods” [2] (p. 1) that increase resilience and post-disaster capacities [6].
One ecosystem that can potentially protect coastal communities and their infrastructure
from multiple hazards is mangrove forests [2,7–9]. Nevertheless, their capacity to provide
protection services is highly dependent on the context [3]—this highlights why it is crucial
to understand their effectiveness for disaster risk reduction.

Mangroves and their associated ecosystem services have only been discussed for a few
decades, although their benefits have been documented since colonial times [10]. These
benefits include providing timber and non-timber products for fuel, construction and sup-
port of fisheries. Within regulating and supporting services, sediment accretion, the control
of erosion rates and the attenuation of waves are mentioned. Spiritual enrichment, aesthetic
and recreational experiences, reflection, and cognitive development are all considered
examples of cultural ecosystem services of mangroves. Disservices of mangroves, which
are rarely discussed in the current discourse, include a negative perception of forests as
gloomy and dark, and as a place of danger inhabited by animals that threaten humans.
One very common disservice assigned to mangroves is their function as breeding grounds
for diseases, such as vector-borne malaria, transmitted by mosquitoes [10,11].

Several related studies have been conducted. For example, Akber et al. [12] studied
how mangrove forests provide storm protection services in Bangladesh, by comparing
the post-storm damages between villages with surrounding mangroves to those without
them. Ataur Rahman and Rahman [4], who studied the natural protection mechanisms of
mangroves against cyclones, attested to their effectiveness. Auerbach et al. [13] compared
the protection mechanisms of mangroves and engineered embarkments against flood
and sea level rise, and attested to mangroves’ greater flood-attenuation potential. More
related work was conducted by Sudmeier-Rieux et al. [1], and they assessed the scientific
evidence of ecosystems in disaster risk reduction. While these related works have assessed
ecosystem’s potential in reducing disasters and hazards, little or nothing is known about
the scientific agreement on the potential of mangrove forest ecosystems in reducing coastal
hazards from a global perspective.

While this paper focused on adopting the Sustainable Development Goals and the
Sendai Framework for Disaster Risk Reduction as benchmarks, the use of mangroves as
a natural-based foreshore protection solution to address coastal hazards dates back to
the 1980s and earlier. Saenger and Siddiqi [14] showed that the natural mangrove forests
of the Sundarbans protected the area from cyclone damage, which led to the initiation
of a mangrove afforestation programme in the area by the Forest Department in 1966.
Spalding et al. [15] show that mangroves act as a coastal defence, reduce damage from
waves and large storms, reduce erosions, and bind the soil together. Sumeier-Rieux et al. [1]
noted that the Indian Ocean tsunami of 2004 drew attention and more investigations
into the protective role of the mangrove system. This shows that research into mangroves’
protective value against coastal hazards was ongoing before 2015. However, the adoption of
the year 2015 as the benchmark in this paper is because the role of mangroves (ecosystems)
in reducing coastal hazards gained more importance and attention from policymakers, as
highlighted in the Sustainable Development Goals and the Sendai Framework for Disaster
Risk Reduction adopted in 2015.

Therefore, this paper seeks to answer two questions. First, what is the scientific
evidence for the effectiveness of mangrove forests in reducing coastal hazards? Second,
what is already known about their capacity to improve disaster risk reduction, and what
research gaps still exist? For this purpose, 45 scientific publications released since 2015
were reviewed and analysed. The time frame was intentionally chosen as 2015 marks the
adoption of the internationally important Sendai Framework for Disaster Risk Reduction
and the Sustainable Development Goals by political stakeholders worldwide. As mentioned
above, scientific evidence is fundamental for decision-makers to consider and implement
nature-based solutions to disaster risk reduction. Hence, it is a prerequisite to reach the
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objectives of the frameworks mentioned above. The next section of this paper will give
an insight into the chosen methodology. The subsequent section will present the in-depth
results of this paper, before the critical discussion is presented. The last section of the
research will conclude the overall paper.

2. Materials and Methods

This paper is based on a systematic review and critical evaluation of ‘mangrove forests’
effectiveness research’. This field of research refers to studies that seek to understand how
mangrove forests reduce or cushion the effects of coastal hazards. This also extends to
studies that generally explore coastal hazards in areas surrounded by mangrove forests.
This study employed a multi-stage review process, as appraised and applied by various
authors [16–19]. This includes the following stages of analysis:

A. Scoping of the study: The thematic scope was limited to the domain of mangrove
forests and coastal hazards, especially the interplay between the two. The geograph-
ical coverage of this study was open-ended and not limited to any geographical
area. For the scope of this study, only papers that assessed the effectiveness/impacts
of mangrove forests in the presence of actual or anticipated coastal hazards were
selected for the study. This paper considered effectiveness as an umbrella concept
which summarises terms that describe the same phenomenon. In this case, effective-
ness was used to represent all studies that assessed mangroves’ ability or usefulness
to reduce, control or attenuate coastal hazards. The IPCC [20] (p. 688) defines hazard
as “the potential occurrence of a natural or human-induced physical event or trend
that may cause loss of life, injury, or other health impacts, as well as damage and
loss to property, infrastructure, livelihoods, service provision, ecosystems and envi-
ronmental resources”. In the case of this paper, this particularly accounts for coastal
processes, trends and events that threaten coastal regions, e.g., storm surge, sea level
rise or erosion [20].

B. Publication scan and selection for detailed review: The literature search was con-
ducted using the search terms “mangrove forest” and “coastal hazards” on 01 August
2021 on the Web of Science (WOS) and Scopus databases to identify relevant peer-
reviewed articles. The search date was limited to papers published between 01
January 2015 and our search date (1 August 2021). This period was used as the bench-
mark because this was the year the Sendai Framework and SDGs were published.
They represent the official start of the disaster risk movement that largely included
ecosystem-based solutions [1,2]. This search resulted in 88 publications. Additionally,
the search terms “mangrove” and “coast” were employed on Google Scholar using
the same period. This resulted in 91 publications, after reviewing their titles. The
abstracts of these 88 (from Scopus and WOS) and 91 (from Google Scholar) papers
were then screened to select the final papers for analysis. Conditions for selection
were (a) papers addressing one or more coastal hazards, and (b) papers reflecting
on the possible impact or effectiveness of mangrove forests in the event of coastal
hazards. Papers that did not meet these two conditions were excluded, while those
that met them were retained for further analysis. This process resulted in 45 relevant
articles for detailed analysis. Table 1 shows the review process of the selected articles.

C. Detailed analysis of selected articles: The full text of the 45 articles was reviewed.
This enhanced the extraction of details relating to the study objectives from the
selected papers under the following headings:

(i) Study characteristics: This captures the study characteristics in terms of
(i) geographical and regional coverage, the scale of analysis, year of pub-
lication and disciplines of authors. Because some of the sampled papers
comprised more than one author and discipline, the total frequency of all
resulting disciplines was greater than 45. (ii) Hazard types and methods
employed. Here, we reflected on the hazard types addressed and methods
applied in the 45 papers. Because some of the sampled papers assessed more
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than one coastal hazard, we documented the frequencies of each coastal haz-
ard. Thus, the total frequency of the coastal hazards exceeded the number of
sampled papers (that is, 45).

(ii) Scientific evidence: This captures the scientific evidence for the effectiveness
of mangrove forests in reducing coastal hazards in terms of the benefits
provided, limitations of mangroves and level of agreement. For the level of
agreement, we developed a ranking scale of 1 to 5, ranging from very weak to
very strong agreement, which was adapted from [1,20]. To reduce subjectivity
in the ranks, the 30 papers were read and ranked by the two authors, and the
average ranks were computed for each article. The mean was then calculated
from the resulting average ranks of the 45 articles, representing the level of
agreement in the scientific literature.

(iii) Research gaps: We highlighted the research gaps suggested in the reviewed
papers. However, in the discussion session, more research gaps are presented
based on the analysis of the reviewed articles.

D. Raising relevant concerns and prospects for future research: Based on our reflections
on the results in (3) above, gaps in the studies were identified, and suggestions were
made. The prospects of studies in mangrove forests and coastal hazards were also
charted here.

Table 1. Review process of the selected articles.

Literature Database Initial Results after Title
Review

Results after Abstract
Review and Exclusion of

Duplicates

Web of Science (WOS) 49 18
Scopus 39 12

Google Scholar 91 15
Total 179 45

3. Results
3.1. Characteristics of the Studies

This section captures the characteristics of the studies in terms of geographic and time
coverage, scale of analysis, disciplines identified, coastal hazard types, methods employed
and future considerations.

3.1.1. Geographic Coverage

As stated in the methods section, the geographic coverage of the selected papers was
analysed (Figure 1). Of the 45 selected papers, 16 were global in scope (that is, they assessed
the effectiveness of mangroves across different continents). Of the non-global studies, 22
were in Asia (they assessed the above-mentioned study theme in Asian countries), four
were in North America and two were in Oceania. One study was not tied to a study location
(that is, the analysis of the study theme was conducted via laboratory simulation). In terms
of country coverage, eight studies (26.7%) were situated in Bangladesh, seven (23.4%) were
global, six (20%) were located in Indonesia and two studies (6.7%) each were situated in
the USA and New Zealand. Only one study (3.3%) each was conducted in Vietnam, India,
Bahamas and Singapore. One of the studies (3.3%) was simulated in the laboratory and
was, thus, not applicable to a study area. Figures 1 and 2 show the geographic distribution
of continental and country coverage studies.
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3.1.2. Year Coverage

The selected papers cover studies conducted between 2015 and 2021. Regarding their
frequency, six studies were conducted in 2015, three in 2016, seven in 2017, four in 2018,
twelve in 2019, five in 2020 and eight in 2021. Figure 3 shows the year distribution of the
sampled papers.

Climate 2021, 9, x FOR PEER REVIEW 5 of 15 
 

 

 

Figure 1. Continental coverage of studies 

 

Figure 2. Coverage of studies by countries. 

3.1.2. Year Coverage 

The selected papers cover studies conducted between 2015 and 2021. Regarding their 

frequency, six studies were conducted in 2015, three in 2016, seven in 2017, four in 2018, 

twelve in 2019, five in 2020 and eight in 2021. Figure 3 shows the year distribution of the 

sampled papers. 

 

Figure 3. Studies’ distribution by publication year. 

0

2

4

6

8

10

12

14

2021 2020 2019 2018 2017 2016 2015

N
o

. o
f 

p
ap

er
s

Publication year

Figure 3. Studies’ distribution by publication year.

3.1.3. Scale of Analysis

The sampled papers analysed the subject matter on various spatial scales. Most of
the studies (36%) were conducted globally. Others were conducted on a sub-national



Climate 2023, 11, 79 6 of 14

(i.e., a state or region within a country) level (29%), local (for example, a community or
municipality) level (20%), and national level (13%). Only one study (2%) was not applicable
to a spatial scale. Figure 4 summarises the studies based on their scales of analysis.
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3.1.4. Disciplines

In terms of author disciplines, the analysed articles varied. While a majority of the
studies were in engineering (16), biological sciences (14), environmental sciences (13) and
geography (10), few were in agricultural sciences (4), risk and disaster studies (3), geology
(1), physical sciences (4), economics (2) and others (comprising studies in urban planning,
ICT, oceanography and development studies) (6). Nevertheless, the sum of the frequency
of all represented disciplines here is greater than 30 because some of the sampled papers
comprised more than one author and field. In terms of the interdisciplinarity of the studies,
twenty-seven studies (60%) were conducted in a single discipline, eight (18%) in two
(dual) disciplines, and ten (22%) were multidisciplinary (that is, combined three or more
disciplines in a study). Figure 5a,b show the distribution of the studies by discipline.
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3.1.5. Type of Coastal Hazards

In this section, the coastal hazards analysed in the sampled papers were assessed. As
stated in the methodology, some papers evaluated more than one coastal hazard. Thus, the
resulting number of all hazards here is greater than n (n = 45, the total number of sampled
papers). As can be visualised in Figure 6, most (19%) of the sample papers examined
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tropical cyclones, 17% examined tsunamis and 14% each examined other hazards (in this
case, coastal hazards and waves in general), storms and sea level rise, respectively. On the
contrary, just 11% of studies examined both coastal erosion and floods.
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3.1.6. Methods Employed

Here, we assessed the methods employed by the papers to understand the reliability
of the assessments. Based on our analysis, four clusters of methods were identified. While
17 studies employed simulation and modelling, 14 applied fieldwork, and 7 studies each
applied simulation, fieldwork and reviews. The use of simulation and modelling charac-
terise studies that employ remote sensing, geographic information systems and modelling
techniques. For example, Deb and Ferreira [21], in assessing the impacts of Sunderban
mangrove degradation on coastal flooding in Bangladesh, simulated the mangrove degra-
dation and flooding at different conditions to predict future scenarios. Fieldwork methods
characterise studies that employ interviews, questionnaire surveys and field observation in
assessing the effectiveness of mangrove forests in attenuating coastal hazards. For example,
Ataur Rahman and Rahman [4] employed stakeholder interviews, workshops and seminars
in assessing natural defence mechanisms to reduce climate risks in the coastal zones of
Bangladesh. As the name implies, simulation and fieldwork methods characterise studies
that employ simulation, modelling and fieldwork. For example, Islam et al. [22] used
remote sensing analysis and a questionnaire survey to capture social responses in assessing
ecosystems’ resilience to tropical cyclones. Reviews, as a method, capture studies that
assess the effectiveness of mangrove forests in reducing coastal hazards from a review
of the literature (for example, Ghorai and Sen [23]). Figure 7 summarises the methods
employed in the sampled studies.
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3.1.7. Hazard Exposure

As visualised in Figure 8, most of the sampled studies (32; 71%) were exposed to
coastal hazards at the time of assessing the effectiveness of mangrove forests in reducing
coastal hazards, while the remaining 13 (29%) studies were not exposed to coastal hazards
(that is, the hazards were simulated at different scenarios).
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3.1.8. Future Considerations

While assessing the effectiveness of mangrove forests in reducing coastal hazards,
25 of the studies did not explicitly consider or address future coastal hazards, while the
remaining 20 studies assessed/discussed future hazard scenarios (see Figure 9).
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3.2. Scientific Evidence for the Effectiveness of Mangrove Forests in Reducing Coastal Hazards

This section captured the scientific evidence regarding the benefits, limitations/trade-
offs and level of agreement on the efficacy of mangrove forests in reducing coastal hazards.

3.2.1. Scientific Evidence (Benefits)

Various authors that assessed the efficiency of mangrove forests in reducing coastal
hazards generally agreed that mangrove reduces the magnitude and impacts of coastal haz-
ards. Notwithstanding the varied evidence and study setting stated in the papers, selected
striking examples (nevertheless, representing the varied spatial scales of assessments) are
presented in Table 2.
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Table 2. Scientific evidence (benefits) from selected studies.

Source Evidence Provided (Benefits)

[24]
Flourishing mangrove forests in West Kalimantan (Indonesia) enhanced the
rehabilitation of shorelines and reduced erosion by more than 70% in two of the
three bays studied.

[12]

Villages with surrounding mangrove forests experienced less damage to their
houses than villages without mangroves. The cost of reconstructing
cyclone-affected houses in mangrove-surrounding villages was less than in
villages without mangrove forests, where the cost was three times greater.

[13]

“[ . . . ] islands in southwest Bangladesh, enclosed by embankments in the 1960s,
have lost 1.0–1.5 m of elevation, whereas the neighbouring Sub-urban mangrove
forest has remained comparatively stable” (P. 153). Thus, showing how mangrove
forest is effective in controlling flood and SLR compared to engineered
embankments.

[25]
This assessment shows that mangroves would attenuate storm surges by 27% in
Indonesia, 50% in Mexico, 29% in Myanmar, 47% in India, 28% in the Philippines
and 22% in Cuba.

[26]

Assessed tsunamis and cyclones in various countries.
2004 Indian Ocean Tsunami: “They found that the villages sheltered by mangrove
forests and Casuarina plantations experienced considerably less damage than
those directly exposed to the tsunami” (P. 2).
Indian Tropical Cyclone: “[ . . . ] death toll was negatively correlated with the
width of mangrove forests, indicating that wider mangrove forests could save
more lives” (P. 3).

[21]

Results from their simulation show that mangrove forest degradation to grassland
could raise the elevation of surge to as high as 57% and increase the velocity of
flood waves by 2730% for cyclones. Furthermore, this would increase inland
inundation by almost 10 km and 18%.

[27]
“The experimental results revealed the significant capability of vegetation in
attenuating waves to the tune of 72% to 87%, and controlled flooding in terms of
run-up of 0.31 to 0.76 times the wave height” (P. 1322).

[28]

The result shows that mangrove width increases wave height reduction under
high storm conditions but not under normal/average conditions. Furthermore, the
denser the mangroves are the more the energy wave dissipation during storm
events.

[29]

Flood protection benefits of mangroves exceed USD 65 billion per year, with
nations such as the USA, China, India and Mexico receiving the greatest economic
benefits. However, in terms of people protection, India, Vietnam and Bangladesh
received the greatest benefits.

[7]

“Storm surge attenuation is non-linear” (P. 2689), meaning significant attenuation
exists at the seaward side, and decreases with greater distance. Mangroves are
more effective against fast-moving, short-duration storms than against
slow-moving, long-duration storms.

3.2.2. Scientific Evidence (Trade-Offs and Limitations)

Here, the authors presented scientific evidence for the limits of mangrove forests
in reducing coastal hazards. As illustrated in Table 3, some striking examples from the
sampled papers were selected to highlight the key limitations.
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Table 3. Scientific evidence (limitations) from selected studies.

Source Evidence Provided (Limitations)

[24]
One of the three bays studied was unsuccessful, and coastal erosion increased by 100%. This
was due to human activities (sand excavation), lack of budget and inadequate prioritisation
between building construction and mangrove planting.

[12] The damage assessment conducted in this study was based on the memory of respondents
and, hence, was not reliable.

[4] Wrong selection of mangrove species and unplanned resort area development along the
coast limited mangrove protective impact.

[25] The lack of a mangrove database was suggested to have underestimated or overestimated
mangrove protective impact in this study.

[26]

“[ . . . ] the tsunami waves caused by the Tōhoku earthquake led to devastating damage to
the coastal areas . . . some protective infrastructures such as seawalls and tsunami gates
were destroyed. The main species of coastal vegetation—Japanese pine trees—were largely
broken or washed away” (P. 4). Thus, showing how mangroves failed in this context.

[22] Damage and recovery from a cyclone, which is estimated based on landcover type changes,
does not explain functional changes within an ecosystem

[21] The low-resolution topo-bathymetric datasets used might limit the reliability of the results.

[3] No social determinants of vulnerability to coastal hazards were considered, thus limiting
the credibility of mangrove protection impact.

3.2.3. Scientific Evidence (Level of Agreement)

As deduced from the sampled papers, the level of agreement ranges from 1 to 5
and signifies very weak, weak, moderate, strong, and very strong agreement/evidence.
To reduce subjectivity, the mean rank of each sample paper was computed from the
ranks assigned by the two authors. As can be seen from Figure 10, the overall average
(representing the level of agreement) of the 45 ranks as computed is 3.80 (on a scale of
5). This points to the existence of a strong level of agreement on the efficacy of mangrove
forests in reducing coastal hazards.
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3.3. Research Gaps

This section presents research gaps from the study limitations and future research ori-
entation illustrated in the 45 sampled papers. From our analysis of the sampled articles, the
research gaps can be generally grouped into policy-related, study scale-related, methods-
related and future-oriented gaps. The first, policy-related gaps, addressed the pitfalls in
current policies. For example, as a future area of research, Akbar et al. [24] recommended
creating and evaluating short-, medium- and long-term strategies between stakeholders to
obtain effective synergies between artificial water breaks and mangrove forests in coastal
areas. Secondly, the study scale-related gaps addressed the inadequacies in the scale of
analysis. For example, Akber et al. [12] faulted their research for its limited sample sites,
which were inadequate in identifying the storm protection services of mangroves and, thus,
suggested further analysis to consider a larger scale. The third group (methods-related
gaps) suggested methods to capture the inadequacies of current studies. For instance, Ataur
Rahman and Rahman [4] faulted the merely descriptive qualitative method applied in deter-
mining the natural defence mechanisms of mangroves, and suggested that further research
should be scientifically evaluated through habitat research and in-depth workshop analysis.
Furthermore, Chang and Mori [26] suggested the proper quantification of the effectiveness
of mangrove forests in reducing coastal hazards under different wave scenarios. To them,
the distance from shore, topography and vegetation conditions of mangroves should be
considered in future research. The last group (future-oriented gaps) suggested future
research considering future climate and hazard conditions. In this category are Deb and
Ferreira [21], who suggested further analysis to consider future climate change and storm
intensities in assessing the effectiveness of mangrove forests in reducing coastal hazards.

As can be deduced from the four groups of research gaps stated above, they are case
and study-area-specific and, thus, not generally applicable to all studies. However, they
point to current studies’ limitations and future research needs. To bridge this limitation
in the future research areas presented above, we have provided more general research
gaps and future research directions based on our analysis of the 45 sampled papers, in the
next section.

4. Discussion

This paper has explored the scientific evidence for the effectiveness of mangrove
forests in reducing coastal hazards, and key findings revealed a generally strong level of
agreement in the scientific literature. Major disciplines evident in the sampled papers are
engineering, biology, environmental sciences and geography, with a lesser representation
of economics, development studies, risk and disaster studies. Bangladesh was better
represented than any other country in the sampled articles. This may be due to the United
Nations’ classification of Bangladesh as the most vulnerable country to climate extremes [4].
Asia was the most represented continent in the studies, while Africa and South America
were not represented at all. Compared with global mangrove coverage [30], it may be
deduced that the representation of Asia in the sampled studies reflects the global coverage
of mangroves. However, this is not true for Africa (second largest mangrove coverage) and
South America (third largest mangrove coverage), which points to the fact that studies on
mangrove effectiveness in reducing coastal hazards are lacking or limited.

The results reveal the dominance of single-discipline research with more representa-
tion of engineering and biology. This may explain why the majority of the sampled papers
either applied ‘technocratic-related methods’ (in this case, modelling and simulations) or
fieldwork (mere descriptions, observations and opinion surveys), and the lesser representa-
tion of mixed methods (in this case, simulation and fieldwork). While fieldwork is vital
in deriving ‘first-hand’ primary data, models and simulations are necessary to quantify
impacts from coastal hazards and predict future scenarios. Thus, a combination of both
is required.

Following from the above, it is essential to articulate that assessing the impacts of
coastal hazards (as conducted by some studies in our sample) cannot be holistic without con-
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sidering the human dimension of ‘shock absorbance’. As seen from our results [12,26,29],
mangrove protection benefits were extensively assessed by the degree to which mangroves
reduced the impacts of coastal hazards such as damage to buildings, infrastructure and
economic possessions. However, this might not capture the actual impacts as coping capac-
ity was not accounted for in those studies. This might be due to the lower representation of
risk and disaster studies in the sampled papers.

What is known, and what are the gaps, as seen in this study? From a holistic perspec-
tive, it is evident that details about the geographical coverage, study scales, represented
disciplines, coastal hazard types, the methodology employed and the level of agreement re-
garding mangroves’ capacity to attenuate coastal hazards, are known. Though the sampled
studies show a strong level of agreement in the efficacy of mangrove forests in reducing
coastal hazards, they attest to how coastal hazards and their resulting negative impacts
were prevented or reduced due to the presence of mangroves. For instance, Akbar et al. [24]
attested that mangrove forests in West Kalimantan, Indonesia, facilitated the rehabilitation
of shorelines and reduced erosion by more than 70% in two of their three sampled bays. In
addition, some studies, such as Menéndez [29], provided evidence for monetary savings
due to mangroves reducing the effect of coastal hazards. However, sampled studies did
not reveal what factors contribute to the success of mangroves’ attenuation capacity in the
face of coastal hazards. This information would prove helpful to planners and policymak-
ers, especially in planning post-hazard rehabilitation or hazard mitigation. Another gap
evident in this study is the lack of quantification of the magnitude of coastal hazards to be
considered before drawing inferences on the attenuation of their impacts by mangroves.

Similarly, the average intensity of mangrove forests considered to have the capacity
to attenuate coastal hazards is not known. This limitation corresponds with Chang and
Mori’s [26] suggestion of proper quantification of the effectiveness of mangrove forests
in reducing coastal hazards under different wave scenarios, such as distance from shore,
topography and vegetation conditions of mangroves.

The major limitation of this study is the limited number of articles (n = 45) used for this
assessment. This might be due to the limitations of Scopus and Web of Science in assessing
all of the literature sites. This may also be attributed to the limited time coverage of this
study (2015–2021), which missed out studies conducted before 2015. Another limitation
is that our study did not capture cases in Africa and South America and, thus, might not
have captured the global picture. Finally, its entire dependence on peer-reviewed articles is
also a limitation of this study.

As an outlook, it is recommended that future studies are more multidisciplinary,
with a greater representation of disaster studies. Future studies should also consider
case studies in Africa and South America. It is also recommended that future studies
consider a broader year coverage before 2015 and incorporate different wave scenarios
such as distance from shore, topography and vegetation conditions of mangroves. Finally,
given the high degree of climate uncertainties, future research should exploit synergies in
fieldwork and simulation methods to assess the potential of mangrove forests in reducing
coastal hazards under future climate scenarios.

5. Conclusions

To answer the question, “what is the scientific evidence for the effectiveness of man-
grove forests in reducing coastal hazards? What is already known about their capacity
to improve disaster risk reduction, and what research gaps can be identified?” this paper
conducted a systematic and multi-stage literature review. The scale of this research was
limited to publications released after the adoption of important international frameworks
and agreements (Sustainable Development Goals and the Sendai Framework for Disaster
Risk Reduction) in 2015. After a preselection of the paper, the remaining 45 publications
were analysed by two authors, and their perceived scientific evidence was ranked from
one to five. In conclusion, the overall level of agreement of the researched papers to the
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question, “if mangroves are a valid and effective measure to disaster risk reduction and
climate change adaptation in coastal areas,” was high (3.8).

Nevertheless, this research found specific patterns and gaps that must be addressed.
More multidisciplinary, mixed-method research is necessary to anticipate future hazards
and climate change scenarios. As the capacity of mangrove forests to reduce the risk of
coastal hazards is highly context-specific, local studies are needed as much as global ones,
to monitor the global mangrove population and foster support for nature-based solutions
amongst essential stakeholders.

Author Contributions: Conceptualisation, C.I. and S.M.; Methodology, C.I. and S.M.; Formal Analy-
sis, C.I. and S.M.; Investigation, C.I., S.M. and T.A.; Writing—Original Draft Preparation, C.I. and
S.M.; Writing—Review and Editing, C.I., S.M. and T.A.; Visualisation, C.I. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by MDPI.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sudmeier-Rieux, K.; Arce-Mojica, T.; Boehmer, H.J.; Doswald, N.; Emerton, L.; Friess, D.A.; Galvin, S.; Hagenlocher, M.; James, H.;

Laban, P.; et al. Scientific evidence for ecosystem-based disaster risk reduction. Nat. Sustain. 2021, 4, 803–810. [CrossRef]
2. Wolf, S.; Pham, M.; Matthews, N.; Bubeck, P. Understanding the implementation gap: Policy-makers’ perceptions of ecosystem-

based adaptation in Central Vietnam. Clim. Dev. 2020, 13, 81–94. [CrossRef]
3. Silver, J.M.; Arkema, K.K.; Griffin, R.M.; Lashley, B.; Lemay, M.; Maldonado, S.; Moultrie, S.H.; Ruckelshaus, M.; Schill, S.;

Thomas, A.; et al. Advancing Coastal Risk Reduction Science and Implementation by Accounting for Climate, Ecosystems, and
People. Front. Mar. Sci. 2019, 6, 556. [CrossRef]

4. Rahman, M.A.; Rahman, S. Natural and traditional defense mechanisms to reduce climate risks in coastal zones of Bangladesh.
Weather Clim. Extrem. 2015, 7, 84–95. [CrossRef]

5. McIvor, A.; Spencer, T.; Spalding, M.; Lacambra, C.; Möller, I. Mangroves, Tropical Cyclones, and Coastal Hazard Risk Reduction.
Coast. Mar. Hazards Risks Disasters 2015, 403–429. [CrossRef]

6. Browder, G.; Ozment, S.; Bescos, I.R.; Gartner, T.; Lange, G.-M. Integrating Green and Gray: Creating Next Generation Infrastructure;
WRI Publications: Washington, DC, USA, 2019. [CrossRef]

7. Montgomery, J.M.; Bryan, K.R.; Mullarney, J.C.; Horstman, E.M. Attenuation of Storm Surges by Coastal Mangroves. Geophys.
Res. Lett. 2019, 46, 2680–2689. [CrossRef]

8. Mullick, R.A.; Tanim, A.; Islam, S.M.S. Coastal vulnerability analysis of Bangladesh coast using fuzzy logic based geospatial
techniques. Ocean Coast. Manag. 2019, 174, 154–169. [CrossRef]

9. Tsai, C.-P.; Chen, Y.-C.; Sihombing, T.O.; Lin, C. Simulations of moving effect of coastal vegetation on tsunami damping. Nat.
Hazards Earth Syst. Sci. 2017, 17, 693–702. [CrossRef]

10. MEA. Ecosystems and Human Wellbeing; Millennium Ecosystem Assessment: Geneva, Switzerland, 2005.
11. Friess, D.A. Ecosystem Services and Disservices of Mangrove Forests: Insights from Historical Colonial Observations. Forests

2016, 7, 183. [CrossRef]
12. Akber, A.; Patwary, M.M.; Islam, A.; Rahman, M.R. Storm protection service of the Sundarbans mangrove forest, Bangladesh. Nat.

Hazards 2018, 94, 405–418. [CrossRef]
13. Auerbach, L.; Goodbred, S., Jr.; Mondal, D.; Wilson, C.; Ahmed, K.; Roy, K.; Steckler, M.; Small, C.; Gilligan, J.; Ackerly, B. Flood

risk of natural and embanked landscapes on the Ganges–Brahmaputra tidal delta plain. Nat. Clim. Chang. 2015, 5, 153–157.
[CrossRef]

14. Saenger, P.; Siddiqi, N. Land from the sea: The mangrove afforestation program of Bangladesh. Ocean Coast. Manag. 1993, 20,
23–39. [CrossRef]

15. Spalding, M.; Mclvor, A.; Tonneijck, F.H.; Tol, S.; van Eijk, P. Mangroves for Coastal Defence: Guidelines for Coastal Managers &
Policymakers; Wetlands International and The Nature Conservancy: 2014. Available online: https://www.nature.org/media/
oceansandcoasts/mangroves-for-coastal-defence.pdf (accessed on 10 July 2021).

16. Berrang-Ford, L.; Pearce, T.; Ford, J.D. Systematic review approaches for climate change adaptation research. Reg. Environ. Chang.
2015, 15, 755–769. [CrossRef]

17. Ford, J.D.; Pearce, T.; McDowell, G.; Berrang-Ford, L.; Sayles, J.S.; Belfer, E. Vulnerability and its discontents: The past, present,
and future of climate change vulnerability research. Clim. Chang. 2018, 151, 189–203. [CrossRef]

18. Ihinegbu, C. Conceptualization and management of disasters and climate change events in Africa: A review. SN Appl. Sci. 2021,
3, 1–10. [CrossRef]

http://doi.org/10.1038/s41893-021-00732-4
http://doi.org/10.1080/17565529.2020.1724068
http://doi.org/10.3389/fmars.2019.00556
http://doi.org/10.1016/j.wace.2014.12.004
http://doi.org/10.1016/b978-0-12-396483-0.00014-5
http://doi.org/10.46830/wrirpt.18.00028
http://doi.org/10.1029/2018GL081636
http://doi.org/10.1016/j.ocecoaman.2019.03.010
http://doi.org/10.5194/nhess-17-693-2017
http://doi.org/10.3390/f7090183
http://doi.org/10.1007/s11069-018-3395-8
http://doi.org/10.1038/nclimate2472
http://doi.org/10.1016/0964-5691(93)90011-M
https://www.nature.org/media/oceansandcoasts/mangroves-for-coastal-defence.pdf
https://www.nature.org/media/oceansandcoasts/mangroves-for-coastal-defence.pdf
http://doi.org/10.1007/s10113-014-0708-7
http://doi.org/10.1007/s10584-018-2304-1
http://doi.org/10.1007/s42452-021-04829-5


Climate 2023, 11, 79 14 of 14

19. Werners, S.E.; Wise, R.M.; Butler, J.R.A.; Totin, E.; Vincent, K. Adaptation pathways: A review of approaches and a learning
framework. Environ. Sci. Policy 2021, 116, 266–275. [CrossRef]

20. IPCC. Climate Change and Land: An IPCC Special Report’, 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. 2019. Available online: https://www.ipcc.ch/srccl/ (accessed on 15 August 2021).

21. Deb, M.; Ferreira, C.M. Potential impacts of the Sunderban mangrove degradation on future coastal flooding in Bangladesh.
J. Hydro Environ. Res. 2017, 17, 30–46. [CrossRef]

22. Islam, M.; Amir, A.A.; Begum, R.A. Community awareness towards coastal hazard and adaptation strategies in Pahang coast of
Malaysia. Nat. Hazards 2021, 107, 1593–1620. [CrossRef]

23. Ghorai, D.; Sen, H.S. Role of climate change in increasing occurrences oceanic hazards as a potential threat to coastal ecology. Nat.
Hazards 2014, 75, 1223–1245. [CrossRef]

24. Akbar, A.A.; Sartohadi, J.; Djohan, T.S.; Ritohardoyo, S. The role of breakwaters on the rehabilitation of coastal and mangrove
forests in West Kalimantan, Indonesia. Ocean Coast. Manag. 2017, 138, 50–59. [CrossRef]

25. Blankespoor, B.; Dasgupta, S.; Lange, G.-M. Mangroves as a protection from storm surges in a changing climate. AMBIO 2016, 46,
478–491. [CrossRef] [PubMed]

26. Chang, C.-W.; Mori, N. Green infrastructure for the reduction of coastal disasters: A review of the protective role of coastal forests
against tsunami, storm surge, and wind waves. Coast. Eng. J. 2021, 63, 370–385. [CrossRef]

27. John, B.M.; Shirlal, K.G.; Rao, S. Laboratory investigations of wave attenuation by simulated vegetation of varying densities. ISH
J. Hydraul. Eng. 2017, 25, 203–213. [CrossRef]

28. Lee, W.K.; Tay, S.H.; Ooi, S.K.; Friess, D.A. Potential short wave attenuation function of disturbed mangroves. Estuar. Coast. Shelf
Sci. 2020, 248, 106747. [CrossRef]

29. Menéndez, P.; Losada, I.J.; Torres-Ortega, S.; Narayan, S.; Beck, M.W. The Global Flood Protection Benefits of Mangroves. Sci. Rep.
2020, 10, 1–11. [CrossRef]

30. Food and Agricultural Organization of the United Nations. Mangrove Management; FAO United Nations, Rome. Available
online: https://www.fao.org/forestry/mangrove/3643/en/ (accessed on 24 April 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.envsci.2020.11.003
https://www.ipcc.ch/srccl/
http://doi.org/10.1016/j.jher.2016.11.005
http://doi.org/10.1007/s11069-021-04648-2
http://doi.org/10.1007/s11069-014-1368-0
http://doi.org/10.1016/j.ocecoaman.2017.01.004
http://doi.org/10.1007/s13280-016-0838-x
http://www.ncbi.nlm.nih.gov/pubmed/27787668
http://doi.org/10.1080/21664250.2021.1929742
http://doi.org/10.1080/09715010.2017.1398112
http://doi.org/10.1016/j.ecss.2020.106747
http://doi.org/10.1038/s41598-020-61136-6
https://www.fao.org/forestry/mangrove/3643/en/

	Introduction 
	Materials and Methods 
	Results 
	Characteristics of the Studies 
	Geographic Coverage 
	Year Coverage 
	Scale of Analysis 
	Disciplines 
	Type of Coastal Hazards 
	Methods Employed 
	Hazard Exposure 
	Future Considerations 

	Scientific Evidence for the Effectiveness of Mangrove Forests in Reducing Coastal Hazards 
	Scientific Evidence (Benefits) 
	Scientific Evidence (Trade-Offs and Limitations) 
	Scientific Evidence (Level of Agreement) 

	Research Gaps 

	Discussion 
	Conclusions 
	References

