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Abstract: Mangroves protect coastal areas against hazards like storms or cyclones by attenuating 

waves and currents, and by trapping floating debris during extreme events. Bangladesh is a very 

vulnerable country to floods and cyclones, and part of its coastal system is thus being upgraded to 

a higher safety standard. These upgrades include embankment reinforcement and mangrove affor-

estation schemes seawards of the embankments. To further strengthen the implementation of com-

bined green–grey infrastructure in future programs, identifying potential mangrove development 

sites near the polder systems is a necessary first step. We thus developed a tool to systematically 

identify mangrove sites throughout the coastal area based on open access data. This method identi-

fies potential sites for mangrove development based on their distance from existing mangrove 

patches and suggests the required technique to implement the vegetation depending on the rate of 

coastline change. Our method showed that approximately 600 km of the coastal stretches placed 

seawards of embankments are within 10 km of existing mangroves, and could thus be potential sites 

for mangrove establishment. Out of those 600 km, we identified 140 km of coastline where the land-

wards polders are particularly vulnerable to flooding. The sites with highest restoration potential 

and priority are located in Galachipa, Hatiya, Bhola, Manpura, Khangona, and Boro Moheshkhali. 

More detailed data collection and local assessments are recommended prior to executing mangrove 

afforestation schemes. Nevertheless, this method could serve as a useful systematic tool for feasi-

bility studies that identify mangrove opportunities in data-scarce areas and help to prioritize data 

collection at the sites of highest interest.  

Keywords: mangrove mapping; mangrove afforestation; building with nature; vegetated fore-

shores; hybrid engineering 

 

1. Introduction 

Bangladesh was the seventh-most-affected country by extreme weather events be-

tween 1999–2018 due to a confluence of reasons [1]. Cyclones regularly sweep the coast-

line of the Bay of Bengal, and funnel into the narrowing shape of the bay at Bangladesh 

[2]. The country is also low-lying and densely inhabited, which exposes a large population 

to the effect of surges. Besides cyclones, massive rains during the monsoon have also 

caused floods across the country [3]. This vulnerability to weather events is only likely to 

increase over the next century due to climate change and the expected population growth, 

setting a strong need for coastal defense measures.  

The coastal zone of Bangladesh is currently protected by a system of 139 polders. 

These are surrounded by approximately 6000 km of peripheral embankments, which were 

built in the 1960–1970s to prevent tidal flooding [4]. Their construction protected lives and 
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livelihoods [5] and increased agricultural production by 200% to 300% in some areas [6]. 

Over time, river siltation combined with poor infrastructure maintenance caused drainage 

problems and water logging at some polders [7,8]. Moreover, since the embankments 

were not designed to contain surges, breaching events have taken place during some cy-

clones [9]. The embankment system is thus being upgraded to a higher safety standard by 

the Coastal Embankment Improvement Project—Phase 1 (CEIP-1), as the first phase in a 

potential series of projects to upgrade all polders along the coastal zone in Bangladesh.  

The CEIP-1 project has several components, such as the reinforcement of 10 polders 

to a 25-year level of protection, and afforestation schemes seawards from embankments 

[10]. The scope of the afforestation works includes planting commercial species for eco-

nomic purposes, and planting mangroves for coastal protection. Mangroves attenuate 

waves and currents [11–14], but have a limited effect on storm surges [15,16]. Since surge 

heights in Bangladesh often range between 3–5 m [17,18], embankments are necessary to 

fully protect coastal polders from flooding. However, by reducing wave impacts and 

wave run-up on embankments, mangroves provide additional coastal resilience, and po-

tentially reduce the costs of upgrading embankments [19,20]. 

Bangladesh is the home of the largest continuous mangrove forest in the world, the 

Sundarbans, and it has a long history of mangrove afforestation. Mangrove planting 

schemes have stabilized 150,000 ha of coastal land since 1966, and additional afforestation 

opportunities may be present along the coastal system [21]. However, existing methodol-

ogies for mangrove opportunity mapping are limited for the case of Bangladesh. For in-

stance, Worthington and Spalding [22] identified mangrove areas lost all over the world 

since 1996 and estimated their restoration potential depending on the local conditions. 

However, most of the mangrove losses in Bangladesh happened between 1873–1933 [23], 

and they have been thus neglected by their mapping methodology. Afforestation oppor-

tunities (i.e., planting in areas not previously inhabited by mangroves) would not be iden-

tified by this method either. 

The aim of this work was thus to develop a systematic screening method to map 

mangrove opportunities seawards of embankments, which we applied to the case study 

of Bangladesh. The methodology was conceived as a first screening technique based on 

readily available data, which would help to identify sites to be investigated in subsequent 

more detailed studies. This methodology could also be valuable for other tropical coun-

tries facing increasing challenges with rising sea levels [24]. The following sections discuss 

the potential and limitations of coastal protection by mangroves, and the factors to con-

sider in the screening methodology. 

2. Theoretical Background 

2.1. Coastal Protection by Mangroves in Bangladesh 

The protective role of mangrove vegetation against coastal hazards results from the 

combination of several mechanisms, illustrated in Figure 1. Mangroves exert resistant 

forces against waves and currents [11,25] and fix coastal sediments in the seabed with 

their root system. The lower erosive forces combined with higher sediment stability re-

duce erosion and favor sediment deposition [26]. Sediment accumulation also reduces the 

water depth, limiting the highest waves that can propagate into the forest without break-

ing. 
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Figure 1. Diagram illustrating coastal protection by mangroves. Waves attenuate as they propagate through the forest. As 

a consequence, any sediment particles transported by the flow can deposit between the trees. The mangrove root system 

stabilizes the soil, further enhancing an increase in the bed level. 

The wave attenuation efficiency of mangroves depends on several factors, such as 

wave characteristics, tree species, tree geometry, and the total extent of the vegetation 

[11,12]. In practice, this implies that the forest width required to dissipate waves is site-

specific. For instance, a minimum value of 100 m is often used as a reference for coastal 

protection [27], but Bao [12] observed that the required width for wave attenuation de-

pended on the forest structure, with smaller widths being necessary for taller and denser 

forests, as shown in Figure 2. 

 

Figure 2. (Left) Wave transmission rates through four mangrove forest sites in Vietnam, adapted from Bao [12]. (Right) 

Pictures of the main species identified by Bao [12] in the monitored transects: (a) Avicennia marina (by Alison Klein, CC0 

1.0 from Flickr), (b) Rhizophora mucronata (by Bernard Dupont, CC BY-SA 2.0 from Wikimedia), (c) Sonneratia caseolaris (by 

Shagil Kannur, CC BY-SA 4.0 from Wikimedia), (d) Aegiceras corniculatum (by Vengolis, CC BY-SA 3.0 from Wikimedia). 

Wave attenuation also varies with wave length, as illustrated in Figure 3. Wind 

waves, i.e., locally generated storm waves, can experience higher wave height reduction 

over a 100 m belt than swell waves, which are longer waves generated hundreds or thou-

sands of kilometers away from the shoreline. Figure 3 also suggests that a mangrove belt 

width of 1 km would probably be more similar to the distance required to fully attenuate 

the longer swell waves, and even longer widths would be required to dissipate a tsunami, 

with wave lengths of hundreds of kilometers. 
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Figure 3. Diagram illustrating the amount of wave reduction for a fixed value of incoming wave height and varying wave 

periods through a 100 m-wide mangrove belt. The diagram was derived using the model of Mendez and Losada [28] with 

mangrove vegetation parameters obtained from Suzuki [29]; vegetation density of 1.1 trees/m2 and tree diameter of 0.27 

m. The results were obtained with a water depth of 1.5 m and a wave height of 0.8 m (maximum wave height possible 

with a breaking ratio of 0.55). The wave lengths indicated in the figure were also calculated for a water depth of 1.5 m. 

This does not imply that mangroves do not provide any protection against relatively 

longer waves. Vegetation can stabilize and maintain a sediment level that would be un-

stable without vegetation, affecting both the height and the form of the coastal profile. The 

presence of the vegetation can also decrease the run-up height and flow velocities under 

tsunamis, mitigating their effects, as observed in south-east Asia after the tsunami of 2004 

[30–32].  

Surges can be considered as waves with very long periods, from a few hours to sev-

eral days [16]. Following the reasoning illustrated in Figure 3, extensive mangrove forests 

would be needed to effectively dampen surges. Field observations have also shown lim-

ited surge reduction by mangroves, with attenuation rates of 9.4–24 cm/km through veg-

etated areas [15,33]. 
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Since surge heights between 3–5 m are frequent in Bangladesh [17,18], some form of 

structure at the land side will always be needed to protect against flooding. However, 

surges can occur simultaneously with locally generated wind waves, with heights of 3 m 

at the exposed coastline [34]. The attenuation of these shorter waves by a mangrove belt 

would reduce the run-up height on coastal embankments, potentially decreasing the costs 

of slope and bank protection, and the required crest height of the structures. The economic 

benefit of including mangroves for coastal protection will depend on site-dependent as-

pects, like the costs of mangrove restoration and maintenance or the land value. 

2.2. Finding Suitable Locations for Mangroves Foreshores 

Identifying opportunities for mangroves along the coastal system relies on 

knowledge of their habitat. Mangroves grow in depositional intertidal areas with low 

wave action and freshwater input [35]. Natural recruitment can take place on newly ac-

creted land that satisfies the physical conditions required by mangroves (Figure 4a), as 

long as there is a nearby supply of mangrove seedlings. 

 

Figure 4. Diagram illustrating several mangrove restoration techniques. Mangroves grow in sheltered intertidal areas with 

freshwater input (a). If human or natural actions degrade a mangrove forest by changing the freshwater input or the local 

hydroperiod, hydrologic restoration measures can restore the original conditions (b1–b3). When a site becomes too ex-

posed to wave action, leading to erosion, structures can be built to shelter the coastline and enable mangrove recovery (c). 

If the seedling availability is low at one site, planting can accelerate natural recruitment (d). 

Similarly, if mangroves are removed at one site but the local conditions remain suit-

able for them, the vegetation may also recolonize naturally [36]. For instance, natural 



Sustainability 2021, 13, 8212 6 of 19 
 

regeneration has taken place after deforestation in mangrove forests of Baja, California 

[37] and Kenya [38]. When a mangrove site is degraded and the habitat requirements are 

no longer satisfied, the habitat should be restored to enable vegetation recruitment [36]. 

The required technique depends on the cause of mangrove absence, as illustrated in Fig-

ure 4. 

If human activities reduce seedling availability, planting schemes can accelerate 

mangrove establishment [36] (Figure 4d). Such planting efforts should be planned based 

on knowledge of the local ecology [36]. Although mangroves are generally present be-

tween mean sea level (MSL) and the highest astronomical tide (HAT), different species 

tend to grow in bands parallel to the coastline depending on their relative tolerance to 

physical factors like salinity, soil type, or nutrient content [39]. This relative distribution 

of the species changes from place to place.  

For the case of Bangladesh, clear distribution patterns have not been identified in the 

Sundarbans [40], although the species Sonneratia apetala and Ceriops decandra have gener-

ally been associated with higher levels of salinity (i.e., to areas with more inundation), 

while Heritiera fomes (also known as Sunder or Sundri), was linked to lower salinity levels 

(i.e., to areas with less tidal inundation). The combination of multiple species, at once or 

in several stages of planting, is also a factor to consider in mangrove restoration designs, 

since biodiverse forests formed by multiple species are more resistant to pests and have 

higher chances of long-term survival [21].  

Other forms of habitat degradation can require additional steps for mangrove estab-

lishment. Human interventions such as sediment disposal, excavation, or coastal infra-

structure can alter the emergence time needed by mangroves, which should be restored 

to enable mangrove establishment [41] (see Figure 4b2,b3). At sites where tributaries 

bringing freshwater have been blocked, mangrove establishment requires restoring the 

freshwater input (Figure 4b1).  

Some sites require restoration of the morphodynamic conditions at the coast. At lo-

cations where high wave exposure has led to coastline retreat, wood structures have been 

built to attenuate waves and enhance coastline accretion and create new mangrove habi-

tats [42] (Figure 4c). This solution may not be feasible at sites with low sediment availa-

bility and high local sea level rise, since some rates of relative sea level rise may be too 

high to be compensated by local accretion. Moreover, geological records suggest that man-

grove forests can expand seawards with up to 6–7 mm/year of sea level rise [43], limiting 

the possibilities for mangrove colonization in areas of large subsidence. Lastly, pollution 

can alter the biochemical conditions of the soil to levels that are not acceptable for man-

groves [41]. 

Mapping all of the relevant variables to diagnose the cause of mangrove absence 

(land-use history, tides, waves, topography, fresh water influx, sediment properties, and 

soil biochemistry) is not straightforward, since it requires high-resolution data that are 

often scarce. Worthington and Spalding [22] developed a large-scale map indicating po-

tential areas for restoration all over the world by identifying areas of recent mangrove 

loss, excluding eroded areas and urban areas, and classifying the remaining potential lo-

cations based on aspects such as proximity and size of remaining vegetation patches, and 

local relative sea level rise.  

Since the maps developed by Worthington and Spalding [22] display locations of re-

cent loss, they limit the restoration options in countries like Bangladesh, where mangrove 

degradation has taken place for a long time. For example, historical maps show that in 

1775 the Sundarbans forest extended over the southwestern coast of Bangladesh until Lak-

shmipur [44]. However, the forest area decreased from 7500 km2 to 6000 km2 between 1873 

and 1933 [45,46] and its limits have remained approximately the same ever since [47]. Such 

losses cannot be considered recent, and excluding their potential recovery would leave 

out a considerable portion of the coastal system.  

The classification by Worthington and Spalding [22] also defines eroded areas as un-

restorable, while erosion mitigation measures are being investigated in countries like 
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Indonesia, Vietnam, Thailand, and Surinam [29,48]. Their method could also be improved 

by accounting for the flood risk of landward areas, to focus the efforts on the most vulner-

able locations. We consequently (1) made an inventory of open access data, based on 

which we (2) developed a screening methodology to map potential mangrove areas for 

the case study of Bangladesh. 

3. Materials and Methods 

3.1. Description of the Study Area 

Bangladesh is located at the north of the Bay of Bengal, bounded by India at the west, 

north, and east, and by Myanmar at the southeast. The country lies on the Gangetic delta, 

formed by the deposition of sediment transported by the Ganges, Brahmaputra, and  

Meghna rivers [49]. The western part of the coastal system is covered by the Bangladeshi 

side of the Sundarbans, the largest continuous mangrove forest in the world (Figure 5). 

The central part of the coastal system mostly consists of low-lying polder areas, whereas 

the eastern coastal region consists of relatively narrower polders developed over steeper 

ground, as can be seen in Figure 2.3. of Dasgupta [50].  

 

Figure 5. Coastal system of Bangladesh, showing mangrove areas (green) and embanked polder areas (grey). The large 

green area at the west is the Bangladeshi part of the Sundarbans, the largest continuous mangrove forest in the world. The 

Sundarbans is shared by Bangladesh and India, and the Bangladeshi side constitutes approximately 60% of the total area 

of the forest. 
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3.2. Open Access Databases 

Table 1 summarizes the open access sources identified in the present study, including 

digital elevation data, tidal data, relative sea level rise data, and GIS data providing the 

location of rivers, tidal flats, and mangroves. Both wave and bathymetric data were scarce, 

and we could not identify data sources covering the full coastal zone. 

Table 1. Open access data sources identified in the present study. 

Dataset Type Description Source 

Digital elevation 

model 

CoastalDEM® is a digital elevation model at 90 × 90 m resolution, with a maximum vertical 

accuracy of −0.29 m. 

Kulp and Strauss 

[51] 

Coastline change 
The Aqua-monitor tool provides the rate of coastline change, and sediment composition 

(sandy or not sandy), since 2016, in transects every 15 m along the coastline. 
Luijendijk [52] 

Intertidal areas Global intertidal provides maps with tidal flat areas until 2016 Murray [53] 

Mangrove cover 
Global Forest Watch provides the areas of mangrove coverage from 2001 to 2018 

(https://www.globalforestwatch.org, accessed on the 1 May 2020) 

Global Forest 

Watch  

Rivers Maps of rivers of Bangladesh (https://data.humdata.org/, accessed on the 1 May  2020). LGED  

Tidal range Tidal range measurements Bricheno [54] 

Country boundaries 

and regions 
Boundaries of the country and its regions (https://gadm.org, accessed on the 1 May of 2020) GADM  

Sea level rise Global predictions of relative sea level rise IPCC [55] 

3.3. Screening Methodology 

Based on the existing data sources, we developed a method to identify potential man-

grove sites along the coastline. The criteria for site selection are explained below, and sche-

matized in Figure 6: 

1. Suitability of a site as potential habitat: we considered sites within 10 km of existing 

mangroves as potentially suitable for colonization. This limit was based on dispersal 

distances observed by Clarke [56] for Avicennia marina seedlings. In practice, the dis-

persal distances will vary between mangrove species, and will depend on the local 

hydrodynamic processes. However, this value provides a preliminary indication of 

the areas that could recruit naturally. The existing mangrove sites were obtained 

from the maps by the Global Forest Watch (Table 1). 

2. Method needed to implement vegetation: the techniques needed to vegetate a site 

were based on the rates of coastline change from the Aqua-monitor tool [52]. We as-

sumed that natural colonization would happen at locations with expanding coast-

lines near existing mangroves, and if seedling availability was low, or natural pro-

cesses were too slow compared to coastal protection targets, they could be comple-

mented by planting efforts. At sites with retreating coastlines, erosion mitigation 

measures, such as bamboo structures or nourishments, would be needed.  

3. Prioritization criterion based on vulnerability: we evaluated the level of priority 

based on the flooding risk of landward areas using the ground elevation measure-

ments from CoastalDEM® [51], and 3 scenarios of relative sea level rise (RSLR) from 

IPCC [55]—+0.3 m (expected value in 2050), +1 m (worst case scenario in 2050), and 

+2 m (worst case scenario in 2100). Since polders comprise inhabited areas and valu-

able assets, their protection was prioritized compared to non-polder areas. Moreover, 

polders are blocked from any sediment input by the tide, which means that, unlike 

unembanked areas, they have no mechanisms to accrete and keep up with rising sea 

levels. Polders that would be below MSL in the RSLR scenario of +1 m in 2050 were 

given the highest flooding risk, and we prioritized vegetated foreshores seawards of 

them. 
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Figure 6. Criteria for mapping mangrove opportunities. (1) Coastal sites located less than 10 km away from existing man-

groves are considered as potentially suitable for mangrove recruitment. (2) The technique needed to vegetate a site is 

chosen based on the coastline behavior. Expanding coastlines could be colonized naturally and planting schemes could be 

conducted if more detailed studies show the need to do so (e.g., if seedling availability is too low or if the natural estab-

lishment is too slow for coastal protection purposes). Retreating coastlines would require erosion mitigation measures. (3) 

Vegetating foreshores fronting polder areas with low ground elevations is prioritized. 

4. Results 

The sites identified as potentially suitable for foreshore afforestation are shown in 

Figure 7. Our method suggested that approximately 600 km of coastal stretches seawards 

from embankments are located within 10 km of existing mangrove patches. Out of those 

600 km, we prioritized six sites based on their flood risk, which constitute approximately 

140 km of coastline. Their location, polder number, and the techniques recommended to 

implement mangrove vegetation are indicated in Table 2.  
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Figure 7. Map showing mangrove development opportunities in Bangladesh. 

Table 2. Selected sites for mangrove-vegetated foreshores, including the polder number, and gen-

eral technique recommended to vegetate each area. 

ID Location Polder Vegetation Implementation Technique 

1 Galachipa P55/3 Natural recruitment/planting 

2 Galachipa P55/4 Natural recruitment/planting 

3 Bhola P56/57 Natural recruitment/planting 

4 Hatiya South P73/2 Natural recruitment/planting 

5 Manpura P58/1–3 Erosion mitigation/Natural recruitment/Planting 

6 Hatiya North  P73/1 Erosion mitigation/Natural recruitment/Planting 

7 Khangona  P66/3 Natural recruitment/planting 

8 Boro Moheshkhali P69 Natural recruitment/planting 

The Sundarbans forest (western limit of Figure 7) was not included in the analysis 

since mangroves have natural mechanisms to keep up with rising sea levels, and we as-

sumed that natural recruitment processes will continue there without any need for human 

interference. The polder area east from the Sundarbans, along the coast of Barguna, had 

low vulnerability to relative sea level rise, so it was given low priority and excluded from 

the site selection. 

Locations 1–4 correspond with expanding coastlines fronting polder areas of low 

ground elevation. These four sites are located near existing mangrove patches, so the 

newly accreted land could be colonized naturally by mangroves. Erosion mitigation 

measures may be needed at some specific stretches of sites 1 to 4 (see Figures 8 and 9). 
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Locations 5 and 6 also front areas vulnerable to flooding, but they require erosion mitiga-

tion measures along most of the coastline. 

 

Figure 8. Potential sites for vegetated foreshores (west). 
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Figure 9. Potential sites for vegetated foreshores (center). 

The coast at the eastern side of the country is mostly eroding and mangrove vegeta-

tion is almost completely absent. Sites 7–8 are relatively more sheltered from waves due 

to the presence of Maheshkhali island (Figure 10), and they correspond to expanding 

coastlines seaward from polders with high vulnerability to rising sea levels. Mangroves 

are already present close to these sites, so both locations have high potential for natural 

recruitment or planting schemes. 
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Figure 10. Potential sites for vegetated foreshores (east). 

Implementing mangrove foreshores at the locations illustrated in Figures 7–10 could 

reduce the loads on embankments, thus decreasing the cost to upgrade them. In order to 

explore the impact of a vegetated foreshore on the design of a dike, we estimated the re-

quired dike height with and without a mangrove belt seaward of the embankment. The 

crest height of a dike is designed so that the maximum discharge over the structure does 

not exceed a maximum threshold during design conditions. Figure 11 shows the needed 

embankment height to obtain a maximum overtopping discharge of 5 l/m/s, where the 

discharge is calculated with the equation of Van der Meer [57]: 

𝑞 = √𝑔 ∙ 𝐻𝑚0
3 ∙

0.026

√tan 𝛼
∙ 𝛾𝑏 ∙ 𝜉𝑚−1,0 ∙ 𝑒

−(2.5
𝐻𝑐𝑟𝑒𝑠𝑡−𝐻

𝜉𝑚−1,0∙𝐻𝑚0∙𝛾𝑏∙𝛾𝑓∙𝛾𝛽∙𝛾𝜈
)

1.3

,
 (1) 

where 𝑞 is the overtopping discharge per meter, 𝑔 is the gravitational acceleration, 𝐻𝑚0 

is the spectral wave height, α is the angle of the outer slope, 𝜉𝑚−1.0 is the breaker param-

eter, 𝛾𝑏 is the influence factor for a berm, 𝛾𝑓 is the influence factor for roughness ele-

ments on the slope, 𝛾β is the influence factor for oblique wave attack, 𝛾𝜈 is the influence 

factor for vertical wall, 𝐻𝑐𝑟𝑒𝑠𝑡  is the crest level, and 𝐻 is water level.  

For coastal embankments, slopes of 1:8, armor layers (corresponding with 𝛾𝑓 = 0.55), 

and berms (with 𝛾𝑏 = 0.89 for a 5 m wide berm placed at the still water level) are often 
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implemented. We assumed perpendicular wave incidence (so 𝛾𝛽 = 1) and no vertical 

walls (𝛾𝜈 = 1). The dark blue line was calculated with a design wave height of 𝐻𝑚0 = 3 

m, and a surge height of 𝐻 = 5 m, which result in a minimum crest height of 𝐻𝑐𝑟𝑒𝑠𝑡 =

 6.1 m. 

 

Figure 11. (a) Estimated water levels of an embankment. (b) Required embankment height to have a maximum discharge 

of 5 l/m/s, with and without wave attenuation by a mangrove belt. 

The lighter blue line was obtained by reducing the wave height to simulate the effect 

of mangroves, while keeping the surge height constant. Wave attenuation rates range 

from 5% [58] to 100% [11] over 100 m of mangrove forest (see McIvor [59], or Horstman 

[14] for a full review). Assuming 8% reduction over 100 m, and that the wave height re-

duces linearly with the distance into the forest over the first 500 m (see Figure 4.1. in Barb-

ier [60]), a mangrove belt of 500 m could cause a 40% reduction of the wave height, de-

creasing the minimum necessary height of the embankments from 6.1 m to 5.5 m. This 

crest height reduction would directly translate into a decrease of the building costs. 

5. Discussion 

By reducing the wave loads on the structure, mangroves would not only reduce the 

necessary crest height of a structure, but they also could decrease the costs for slope and 

bank protection, or even completely eliminate the need for revetments. However, imple-

menting vegetated foreshores requires addressing several considerations. 

Firstly, we identified areas with potential for mangrove establishment, but the suita-

bility of potential sites should be investigated in more detail. Our model does not include 

relevant factors such as the local hydrology, soil properties, or wave action at the coast. 

These factors should be assessed locally and compared to the mangrove habitat require-

ments [61,62]. Remote sensing techniques may constitute a valuable source for these pa-

rameters. The combination of datasets of the physical parameters with maps indicating 

the presence of mangroves and deep learning methods could provide more accurate hab-

itat identification techniques. Expanding the mapping methodology with additional re-

strictions may limit the presence of mangroves at some of the locations highlighted in 

Figure 11, but it could also identify new mangroves opportunities. For example, our ap-

proach focuses on mangrove opportunities along open coastal areas, but there may be 

additional potential sites at more upstream locations. Identifying those would require 

tidal and DEM data with higher resolution and accuracy than those listed in Table 1. 

Secondly, bed-level changes seawards from the embankments could change the 

wave run-up height and the required crest height with respect to the estimates of Figure 

11. Process-based models [63] could estimate how the coastline is likely to change over 

time under different scenarios, and how the vegetation could develop. This approach 

would require more detailed morphodynamic data, and information about the local man-

grove species and soil properties. The estimated coastline morphology and vegetation 
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properties could be implemented in probabilistic design models, such as Vuik [19,20], in 

order to assess impact of mangroves on other structure failure mechanisms, such as ero-

sion of the dike cover.  

Thirdly, although mangroves can reduce the loads on coastal infrastructure, affor-

estation involves an economical investment, and mangroves occupy areas that could have 

other productive applications. A complete cost–benefit analysis would require pondering 

the construction and maintenance costs of raising the embankments versus developing 

and maintaining a mangrove belt, and comparing the benefits derived from productive 

land uses, such as farming or aquaculture, with those of the mangrove ecosystem services. 

This type of analysis could also indicate which mangrove belt width could be most cost-

effective. Moreover, it is also important to assess how other ecosystem services could af-

fect the protective role of the vegetation, for instance for activities like wood harvesting 

[64].  

Mangroves can also be physically degraded during extreme events, for example due 

to breakage or uprooting by waves or currents [65]. The possibility of vegetation failure 

should thus be considered in dike designs, due to both mechanical and biological causes. 

Low diversity has been associated to large-scale death events due to pests in single species 

stands of mangroves [66–68], but this aspect has received relatively less attention in plant-

ing schemes. Spatial statistical techniques can offer powerful tools to evaluate risks asso-

ciated with low biodiversity [69] and to create more resilient afforestation plans.  

Implementing mangroves in coastal protection plans would also require more accu-

rate ways to estimate the flood risk. Our method indirectly evaluates flood risk by priori-

tizing polder areas (enclosing valuable assets) and low-elevation polders (with potentially 

larger flooding depths), but it does not estimate the value of the assets nor the flood char-

acteristics in case of dike failure. Hotspot detection tools [70] would be particularly valu-

able for policymakers, as they would provide quantitative ways to identify the most vul-

nerable areas. More accurate flooding models, including ones that show the potential ef-

fect of surges, would also be necessary for precise predictions of the flooding depth and 

speed, e.g., as done in Jonkman [71]. The combination of such tools would provide more 

accurate assessments of the risk reduction provided by a mangrove belt. 

Once an optimum mangrove width is selected, it will take time for mangroves to 

grow. The growth period will depend on the local species and the afforestation technique, 

and the embankments should provide enough safety against wave attack while the man-

grove belt is developing. Due to the inherent uncertainties in the evolution of the bed level 

and the vegetation, the foreshore should be monitored regularly by measuring (1) the 

bathymetries and (2) the vegetation properties, such as number of seedlings and their ge-

ometry. The monitoring data would enable readjustment of the restoration strategy if nec-

essary, or protection of the profile in case of erosion by building bamboo structures or 

nourishing sediment. If the restoration targets are not satisfied after the expected growth 

time, the embankment could then be reinforced to ensure the safety of landward areas.  

The natural adaptability of mangroves to rising sea levels [26,43], in combination 

with grey infrastructure and robust monitoring systems, can provide a resilient tool to 

protect coastal areas. Our methodology offers a systematic approach to integrate vege-

tated foreshores and embankments in coastal protection schemes, which compensates 

data scarcity by using open access data sources. This mapping method could thus be ap-

plied to identify potential mangrove sites in data-scarce areas, constituting a useful tool 

to integrate nature-based flood defenses in coastal protection and adaptation plans. 

6. Conclusions 

A screening method was developed to identify potential sites for mangrove estab-

lishment using open access data sources and applied to the case study of Bangladesh. The 

method is based on the possibility of new habitat creation along the coastline. Potential 

sites were selected nearby existing mangroves, based on data from the Global Forest 

Watch (2020), and prioritized in terms of the vulnerability to flooding of landward areas, 
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determined from CoastalDEM® [51]. We recommended techniques to vegetate each site 

based on the coastline behavior from the Aqua-monitor tool [52], with accreting sites be-

ing suitable for natural recruitment or planting, and eroding sites requiring erosion miti-

gation measures. Polder areas were prioritized in the site selection, given that they protect 

inhabited areas and valuable assets. The sites with highest restoration potential and pri-

ority are located at the mouth of river Meghna, in Galachipa, Hatiya, Bhola, and Manpura, 

and at the south-east coast of the country, in Khangona and Boro Moheshkhali. Additional 

information about the local mangrove species, bathymetry, and wave climate would be 

needed to more accurately assess the suitability of the potential sites, and to quantify how 

much coastal protection could be provided by a mangrove belt. Overall, this methodology 

provides a systematic and accessible tool to find potential mangrove sites in data-scarce 

areas, and to integrate building with nature solutions in coastal protection plans. 

Author Contributions: Conceptualization, A.G.M., P.M.J.H. and S.N.J.; methodology, A.G.M. and 

P.M.J.H.; software, A.G.M.; validation, A.G.M.; formal analysis, A.G.M., resources, A.G.M., 

P.M.J.H., S.N.J., S.K., I.U. and M.v.L.; writing—review and editing, A.G.M., P.M.J.H., S.N.J., S.K., 

I.U. and M.v.L.; supervision, P.M.J.H., S.N.J. and M.v.L.; funding acquisition, S.K., I.U. and M.v.L. 

All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the Japan World Bank Program for Mainstreaming Disaster 

Risk Management in Developing Countries. 

Institutional Review Board Statement: Not applicable 

Informed Consent Statement: Not applicable 

Data Availability Statement: All data is open access and the references to their sources are provided 

in Table 1. 

Acknowledgments: This was made possible with financial support from the Japan World Bank Pro-

gram for Mainstreaming Disaster Risk Management in Developing Countries, and technical support 

from its implementing arm, Disaster Risk Management Hub, Tokyo. This is an output of the grant 

managed by the Global Facility for Disaster Reduction and Recovery (GFDRR) on Coastal Resili-

ence: Developing New and Innovative Approaches in Bangladesh, which is associated with the 

World Bank-financed Coastal Embankment Improvement Project, Phase I. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 

design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-

script; or in the decision to publish the results. 

References 

1. Eckstein, D.; Künzel, V.; Schäfer, L.; Winges, M. Global Climate Risk Index 2019; Germanwatch e.V: Bonn, Germany, 2020. 

2. Khan, R.S. Cyclone Hazard in Bangladesh; Community Development Library: Dhaka, Bangladesh; National States Geographic Infor-

mation Council: Dhaka, Bangladesh, 1992; pp. 86–102 

3. Jakobsen, F.; Zeaul Hoque, A.K.M.; Paudyal, G.N.; Bhuiyan, M. S. Evaluation of the short-term processes forcing the monsoon 

river floods in Bangladesh. Water Int. 2005, 30, 389–399, doi:10.1080/02508060508691880. 

4. Staveren, M.F.; Warner, J.F.; Khan, M.S.A. Bringing in the tides. From closing down to opening up delta polders via Tidal River 

management in the southwest delta of Bangladesh. Water Policy 2017, 19, 147–164. 

5. Paul, B.K. Why relatively fewer people died? The case of Bangladesh’s Cyclone Sidr. Nat. Hazards 2009, 50, 289–304. 

6. Nishat, A. Review of Present Activities and State of Art of the Coastal Areas of Bangladesh. Coastal Area Resource Development and 

Management Part II; Coastal Area Resource Development and Management Association (CARDMA): Dhaka, Bangladesh, 1988; 

pp. 23–35. 

7. Naz, F.; Buisson, M.C. Multiple actors, conflicting roles and perverse incentives: The case of poor operation and maintenance 

of coastal polders in Bangladesh. In Proceedings of the CPWF, GBDC, WLE Conference on Revitalizing the Ganges Coastal 

Zone: Turning Science into Policy and Practices, Dhaka, Bangladesh, 21–23 October 2015; pp.147–161. 

8. Awal, M.A.; Islam, A.F.M. Water Logging in south-western coastal region of Bangladesh: Causes and consequences and peo-

ple’s response. Asian J. Geogr. Res. 2020, 3, 9–28. 

9. Islam, A.S.; Bala, S.K.; Hussain, M.A.; Rahman, M.M. Performance of coastal structures during Cyclone Sidr. Nat. Hazards Rev. 

2011, 12, 3. 

10. World Bank. Project Appraisal Document of People's Republic of Bangladesh Coastal Embankment Improvement Project—Phase 1 (CEIP-

1) (P128276); Report No. PAD432; World Bank: Washington DC, USA, 2013. 



Sustainability 2021, 13, 8212 17 of 19 
 

11. Mazda, Y.; Wolanski, E.; King, B. Drag force due to vegetation in mangrove swamps. Mangroves Salt Marshes 1997, 1, 193–199. 

doi:10.1023/A:1009949411068. 

12. Bao, T. Effect of mangrove forest structures on wave attenuation in coastal Vietnam. Oceanologia 2011, 53, 807–818. 

13. Massel, S.R.; Furukawa, K.; Brinkman, R.M. Surface wave propagation in mangrove forests. Fluid Dyn. Res. 1999, 24, 219. 

14. Horstman, E.M.; Dohmen-Janssen, C.M.; Narra, P.M.F.; van den Berg, N.J.F.; Siemerink, M.; Hulscher, S.J.M.H. Wave attenua-

tion in mangroves: A quantitative approach to field observations. Coast. Eng. 2014, 94, 47–62, 

doi:10.1016/j.coastaleng.2014.08.005. 

15. Krauss, K.W.; Doyle, T.W.; Doyle, T.J.; Swarzenski, C.M.; From, A.S.; Day, R.H.; Conner, W.H. Water level observations in 

mangrove swamps during two hurricanes in Florida. Wetlands 2009, 29, 142–149. 

16. Montgomery, J.M.; Bryan, K.R.; Mullarney, J.C.; Horstman, E.M. Attenuation of storm surges by coastal mangroves. Geophys. 

Res. Lett. 2020, 46, 2680–2689, doi:10.1029/2018GL081636. 

17. Karim, M.F.; Mimura, N. Impacts of climate change and sea-level rise on cyclonic storm surge floods in Bangladesh. Glob. En-

viron. Chang. 2009, 18, 490–500. 

18. Zaman, S.; Mondal, M.S. Risk-based determination of polder height against storm surge Hazard in the south-west coastal area 

of Bangladesh. Prog. Disaster Sci. 2020, 8, 100131. 

19. Vuik, V.; van Vuren, S.; Borsje, B.W.; van Wesenbeeck, B.K.; Jonkman, S.N. Assessing safety of nature-based flood defenses: 

Dealing with extremes and uncertainties. Coast. Eng. 2018, 18, 47–64. 

20. Vuik, V.; Borsje, B.W.; Willemsen, P.W.J.M.; Jonkman, S.N. Salt marshes for flood risk reduction: Quantifying long-term effec-

tiveness and life-cycle costs. Ocean. Coast. Manag. 2019, 171, 96–110. 

21. Saenger, P.; Siddiqi, N.A. Land from the sea: The mangrove afforestation program of Bangladesh. Ocean. Coast. Manag. 1993, 20, 

23–39. 

22. Worthington, T.A.; Spalding, M.D. Mangrove restoration potential: A global map highlighting a critical opportunity. Apollo 

2018, doi:10.17863/CAM.39153 

23. Iftekhar, M.S.; Saenger, P. Vegetation dynamics in the Bangladesh Sundarbans mangroves: A review of forest inventories. Wetl. 

Ecol. Manag. 2008, 16, 291–312. 

24. Nicholls, R.J.; Hoozemans, F.M.J.; Marchand, M. Increasing flood risk and wetland losses due to global sea-level rise: Regional 

and global analyses. Glob. Environ. Chang. 1999, 9, S69–S87. 

25. Maza, M.; Lara, J.J.; Losada, I.J. Experimental analysis of wave attenuation and drag forces in a realistic fringe Rhizophora 

mangrove forest. Adv. Water Resour. 2019, 131, 1033376. 

26. Trampanya, U. Mangroves and sediment Dynamics along the Coasts of Southern Thailand. Ph.D. Thesis, Wageningen Univer-

sity and Research, Wageningen, The Netherlands, 2006. 

27. Winterwerp, J.C.; Albers, T.; Anthony, E.J.; Friess, D.A.; Gijón Mancheño, A.; Moseley, K.; Muhari, A.; Naipal, S.; Noordermeer, 

J.; Oost, A.; et al. Managing erosion of mangrove-mud coasts with permeable dams—Lessons learned. Ecol. Eng. 2020, 158, 1060 

28. Méndez, F.J.; Losada, I.J. An empirical model to estimate the propagation of random breaking and nonbreaking waves over 

vegetation fields. Coast. Eng. 2004, 51, 103–118. 

29. Suzuki, T. Wave Dissipation over Vegetation Fields. Ph.D. Thesis, Delft University of Technology: Delft, The Netherlands, 2011; 

p. 176, ISBN 978-94-91211-44-7.xii 

30. Tanaka, N.; Sasaki, Y.; Mowjood, M.I.M.; Jinadasa, K.B.S.N.; Homchuen, S. Coastal vegetation structures and their functions in 

tsunami protection: Experience of the recent Indian Ocean tsunami. Landsc. Ecol. Eng. 2007, 3, 33–45. 

31. Tanaka, N. Effectiveness and limitations of vegetation bioshield in coast for tsunami disaster mitigation. In The Tsunami Threat: 

Research and Technology; Intech: London, UK, 2011. 

32. Kathiresan, K.; Rajendran, N. Coastal mangrove forests mitigated tsunami. Estuar. Coast. Shelf Sci. 2005, 65, 601–606. 

33. Montgomery, J.M.; Bryan, K.R.; Horstman, E.M.; Mullarney, J.C. Attenuation of tides and surges by mangroves: Contrasting 

case studies from New Zealand. Water 2018, 10, 1119. 

34. Bangladesh University of Engineering and Technology; Bangladesh Institute of Development Studies. Multi-Purpose Cyclone 

Shelter Project; Summary Report; Bangladesh University of Engineering and Technology, Bangladesh Institute of Development 

Studies: Dhaka, Bangladesh, 1993. 

35. Alongi, D.M. Present state and future of the world’s mangrove forests. Environ. Conserv. 2002, 29, 331–349. 

36. Lewis, R.R., III. Methods and criteria for successful mangrove forest restoration. In Coastal Wetlands: An Integrated Ecosystem Ap-

proach; Perillo, G., Wolanski, E., Cahoon, D., Hopkinson, C., Eds.; Elsevier: Amsterdam, The Netherlands, 2009; p. 787, ISBN 978-0-

444-53103-2. 

37. Vovides, A.G.; Bashan, Y.; López-Portillo, J.; Guevara, R. Nitrogen fixation in preserved, reforested, naturally regenerated and im-

paired mangroves as an indicator of functional restoration in mangroves in an arid region of Mexico. Restor. Ecol. 2011, 19, 236–244. 

38. Kairo, J.G.; Dahdouh-Guebas, F.; Bosire, J.; Koedam, N. Restoration and management of man- grove systems—A lesson for and 

from the East African region. S. Afr. J. Bot. 2001, 6, 383–389. 

39. Snedaker, S.C. Mangrove species zonation. In Tasks for Vegetation Science: Contributions to the Ecology of Halophytes; Springer: 

New York, NY, USA, 1982; Volume 2, pp. 111–125. 

40. Ellison, A.M.; Mukherjee, B.B.; Karim, A. Testing patterns of zonation in mangroves: Scale dependence and environmental 

correlates in the Sundarbans of Bangladesh. J. Ecol. 2000, 88, 813–824. 



Sustainability 2021, 13, 8212 18 of 19 
 

41. Lopez-Portillo, J.L.; Lewis, R.R., III; Saenger, P.; Rovai, A.S. Mangrove forest restoration and rehabilitation. In Mangrove Ecosys-

tems: A Global Biogeographic Perspective; Springer: Cham, Switzerland, 2017. 

42. Winterwerp, J.C.; Borst, W.; Vries, M. Pilot study on the erosion and rehabilitation of a mangrove-mud coast. J. Coast. Res. 2005, 21, 

223–230. 

43. Saintilan, N.; Khan, N.S.; Ashe, E.; Kelleway, J.J.; Rogers, K.; Woodroffe, C.D.; Horton, B.P. Thresholds of mangrove survival 

under rapid sea level rise. Science 2020, 368, 1118–1121 

44. Bolts, W. Carte du Bengale et de ses Dépendances; Universität Bern: Bern, Switzerland, 1775. 

45. Curtis, S.J. Working plan for the forests of the sundarbans division for the period from 1 April 1931 to 31 March 1951. In De-

scription of the Compartments and their Histories; Government of Bengal: Kolkata, India, 1933; Volume 3. 

46. Blasco, F. Outlines of ecology, botany and forestry of the mangals of the Indian subcontinent. In Wet Coastal Ecosystems, Ecosys-

tems of the World; Chapman, V.J., Ed.; Elsevier: Amsterdam, The Netherlands, 1977; Volume 1, pp. 241–260. 

47. Iftekhar, M.S.; Islam, M.R. Degeneration of Bangladesh Sundarbans mangroves: A management issue. Int. Forest. Rev. 2004, 6, 

123–135. 

48. Schmitt, K.; Albers, T.; Pham, T.; Dinh, S. Site-specific and integrated adaptation to climate change in the coastal mangrove zone 

of Soc Trang Province, Viet Nam. J. Coast. Conserv. 2013, 17, 545–558, doi:10.1007/s11852-013-0253-4. 

49. Bagchi, K. The Ganges Delta; University of Calcutta: Calcutta, India, 1944. 

50. Dasgupta, S.; Huq, M.; Huq Khan, Z.; Zahid Ahmed, M.M.; Mukherjee, N.; Khan, M.F.; Pandey, K. Vulnerability of Bangladesh to 

Cyclones in a Changing Climate: Potential Damages and Adaptation Costs; Policy Research Working Paper 5280; The World Bank 

Development Research Group, Environment and Energy Team: Washington, DC, USA, 2010. 

51. Kulp, S.A.; Strauss, B.H. New elevation data triple estimates of global vulnerability to sea-level rise and coastal flooding. Nat. 

Commun. 2019, 10, 4844, doi:10.1038/s41467-019-12808-z. 

52. Luijendijk, A.; Hagenaars, G.; Ranasinghe, R.; Baart, F.; Donchyts, G.; Aaarninkof, S. The State of the World’s Beaches. Sci. Rep. 

2018, 8, 6641, doi:10.1038/s41598-018-24630-6. 

53. Murray, N.J.; Phinn, S.R.; De Witt, M.; Ferrari, R.; Johnston, R.; Lyons, M.B.; Clinton, N.; Thau, D.; Fuller, R.A. global distribution 

and trajectory of tidal flats. Nature 2019, 565, 222–225, doi:10.1038/s41586-018-0805-8. 

54. Bricheno, L.M.; Wolf, J.; Islam, S. Tidal intrusion within a mega delta: An unstructured grid modelling approach. Estuarine, 

Coast. Shelf Sci. 2016, 182, 12–26. 

55. IPCC. Climate Change 2007: Impacts, Adaptation and Vulnerability: Summary for Policymakers. Working Group II Contribution to the 

Intergovernmental Panel on Climate Change Fourth Assessment Report; IPCC: Geneva, Switzerland, 2007. 

56. Clarke, P.J., 1993. Dispersal of grey mangrove (Avicennia marina) propagules in southeastern Australia. Aquat. Bot. 1993, 45, 195–204. 

57. Van der Meer, J.W.; Allsop, N.W.H.; Bruce, T.; De Rouck, J.; Kortenhaus, A.; Pullen, T.; Schuttrumpf, H.; Troch, P.; Zanuttigh, 

B. Manual on Wave overtopping of Sea Defences and Related Structures. An Overtopping Manual Largely Based on European 

Research, but for Worldwide Application. EurOtop. 2018. Available online: http://www.overtopping-manual.com/eu-

rotop/downloads/ (accessed on 1 May 2021). 

58. Quartel, S.; Kroon, A.; Augustinus, P.; Santen, P.; Tri, N.H. Wave attenuation in coastal mangroves in the Red River Delta, 

Vietnam. J. Asian Earth Sci. 2007, 29, 576–584, doi:10.1016/j.jseaes.2006.05.008. 

59. McIvor, A.; Möller, I.; Spencer, T.; Spalding, M. Reduction of Wind and Swell Waves by Mangroves; Natural Coastal Protection Series 

Report 1; Wetlands International: Wageningen, The Netherlands; The Nature Conservancy: Arlington, VA, USA, 2012; p. 27. 

60. Barbier, E.B. Capitalizing on Nature: Ecosystems as Natural Assets; Cambridge University Press: Cambridge, UK, 2011. 

61. Balke, T.;Bouma, T.J.; Horstman, T.M.; Webb, E.L.; Erftemeijer, P.L.A.; Herman, P.J.M. Windows of opportunity: Thresholds to 

mangrove seedling establishment on tidal flats. MEPS 2011, 440, 1–9. 

62. Cannon, D.; Kibler, K.; Donnelly, M.; McClenachan, G.; Walters, L.; Roddenberry, A.; Phagan, J. Hydrodynamic habitat thresh-

olds for mangrove vegetation on the shorelines of a microtidal estuarine lagoon. Ecol. Eng. 2020, 158, 106070. 

63. Best, Ü.S.N.; Van der Wegen, M.; Dijkstra, J.; Willemsen, P.W.J.M.; Borsje, B.W.; Roelvink, D.J.A. Do salt marshes survive sea 

level rise? Modelling wave action, morphodynamics and vegetation dynamics. Environ. Model. Softw. 2018, 109, 152–166. 

64. Lewis, R.R.; Brown, B. Ecological Mangrove rehabilitation—A Field Manual for Practitioners; Version 3; Mangrove Action Project 

Indonesia: Jakarta, Indonesia; Blue Forests Project: Jakarta, Indonesia; Canadian International Development Agency: Ottawa, 

ON, Canada; OXFAM: Nairobi, Kenya, 2014; p. 275. 

65. Van Hespen, R.; Hu, Z.; Peng, Y.; Borsje, B.W.; Kleinhans, M.; Ysebaert, T.; Bouma, T.J. Analysis of coastal storm damage re-

sistance in successional mangrove species. Limnol. Oceanogr. 2021, 1–16, doi:10.1002/lno.11875. 

66. Whitten, A.J.; Damanik, S.J. Mass defoliation of mangroves in Sumatra, Indonesia. Biotropica 1986, 18, 176. 

67. Chaturvedi, N. A new alternative host plant of teak defoliator Hyblaea puera (Hyblaeidae: Lepidoptera). J. Bombay Nat. Hist. 

Soc. 1995, 92, 431. 

68. Chaturvedi, N. Some observations on teak defoliator Hyblaea puera (Lepidoptera: Hyblaeidae) on secondary host plant Avicen-

nia marina. In Proceedings of the National Seminar on Creeks, Estuaries, and Mangroves: Pollution and Conservation, Thane, 

India, 28–30 November 2002; Quadros, G., Ed.; Banddkar College of Science: Thane, India, 2002, p. 289. 

69. Xie, Y.; Bas, H.; Li, Y.; Shekhar, S. Discovering spatial mixture patterns of interest. In Proceedings of the 28th ACM SIGSPATIAL 

International Conference on Advances in Geographic Information Systems, Seattle, WA, USA, 3–6 November 2020; pp. 608–617. 

  



Sustainability 2021, 13, 8212 19 of 19 
 

70. Xie, Y.; Shekhar, S.; Li, Y. Statistically-Robust Clustering Techniques for Mapping Spatial Hotspots: A. Survey. arXiv 2021, 

arXiv:2103.12019. 

71. Jonkman, S.N.; Kok, M.; Vrijling, J.K. Flood risk assessment in the Netherlands: A case study for Dike Ring South Holland. Risk 

Anal .2008, 28, doi:10.1111/j.1539-6924.2008.01103.x. 


	1. Introduction
	2. Theoretical Background
	2.1. Coastal Protection by Mangroves in Bangladesh
	2.2. Finding Suitable Locations for Mangroves Foreshores

	3. Materials and Methods
	3.1. Description of the Study Area
	3.2. Open Access Databases
	3.3. Screening Methodology

	4. Results
	5. Discussion
	6. Conclusions
	References

