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Present study analyses techniques in Remote Sensing (RS) and spatial data in studying the effects of Sea Level Rise 
(SLR) in the Sundarbans mangrove forest. Its importance in restoring and protecting mangroves is reflected most clearly in 
Sustainable Development Goal (SDG). Three parameters, including distribution of species, increases in sedimentation, 
salinity, and flooded areas were analyzed using RS. Data acquired from Landsat Thematic Mapper and field investigations 
were used to map the forest distribution and MIKE21 and MIKE11 software used to simulate sea level rise scenarios. The 
analysis showed an increase in the prevalence of Goran (Ceriops) replacing other mangrove species. We also identified there 
is an upsurge in sedimentation within the Sundarbans is likely to increase with SLR, particularly in river floodplains and 
increase flood frequency. This will also have salinity intrusion impacts in near future. Our results inform mangrove forest 
management and sustainable experts about the sedimentation and salt water intrusion spots and priority mitigation areas 
from mangrove species degradation in Sundarbans mangrove forest. 
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Introduction 
United Nation Sustainable Development Goals 

(SDG) proposed 17 goals to transform our world1. 
Two of the SD goals are taken urgent action to 
combat climate change and its impacts (goal-13) and 
Sustainably manage forests, combat desertification, 
halt and reverse land degradation, halt biodiversity 
loss (goal-15)2. Climate change is affecting all parts 
of the world disrupting economies, affecting lives, 
altering the dynamics of all species on the earth. Paris 
agreement in 2015 showed the importance of the 
global participation to reduce the rise in global 
temperature by 2 degrees Celsius3. Changing weather 
patterns, extreme weather conditions have affected the 
poor and vulnerable population the most. Green house 
gases are found to be one of the major reasons for  
the rising temperature and climate change4. Several 
types of research have shown that forests combat  
in reducing the emission of green house gases. 
Mangroves in Sundarbans are one of the important 
forest types which are rich in biodiversity and helps in 
the livelihood of the local communities5.  

According to SDG goal-13, one of the major 
targets is to “Promote mechanisms for raising 
capacity for effective climate change-related planning 

and management in the least developed countries  
and Small Island developing states, including focusing 
on women, youth and local and marginalized 
communities”5. Similarly, according to SDG-goal 15, 
one of the targets is to “By 2020, ensure the conservation, 
restoration and sustainable use of terrestrial and inland 
freshwater ecosystems and their services, in particular 
forests, wetlands, mountains, and drylands, in line with 
obligations under international agreements”. In order to 
achieve these targets, it is important to find the existing 
techniques and understand the gaps which can help in 
climate change related planning6. Also, in order to 
ensure the conservation of the wetlands, mangroves 
should be saved and restored to its original state to 
preserve the ecosystem and to improve the livelihood 
of the community7. The importance of restoring and 
protecting mangroves is reflected most clearly in 
Sustainable Development Goal (SDG-14), which 
focuses on sustainably governing our oceans and coasts 
and recognises mangroves’ immense value to local 
communities8. To this end, the objectives of this paper 
were to analyze the climate change impact on mangroves 
using remote sensing techniques, assess the importance 
of remote sensing and spatial data information to 
understand the factors important for Mangrove restoration. 
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Materials and Methods 
 
Sea level rise and Mangroves in Sundarbans

Mangrove forests are one of the major victims 
of sea level rise. Mangrove forests (
developing between MWL (Mean Water Level) and 
HWL (High Water Level). Geological records reveal 
that mangrove habitats shift or stay according to the 
speed of SLR21. When the speed of SLR is greater 
than the limit of a peat accumulation speed, mangrove 
forests will submerge in the sea and will die. The peat 
accumulation is a combined process of physical and 
biological ones. 

Unlike most dryland, coastal wetlands can keep 
pace with a slow rate of sea level rise. This has 
enabled the area of wetlands to increase over the last 
several thousand years22. However, most authors 
have concluded that wetlands could not keep pace 
with a significant acceleration in sea level rise, and 
thus, that the area of wetlands converted to open 
water will be much greater than the area of dry land 
converted to wetlands23. Moreover, in areas where 
dikes protect farmland or structures, all the wetlands 
could be lost24.  

The Sundarbans forest of Bangladesh, which is the 
largest mangrove of the world, occupies a land area of 
6016 sq.km, of which rivers, streams,
occupy 1,874 sq.km25. It is located at the southern 
extremity the Ganges river delta bordering on the Bay 
of Bengal made up of about 70% land and 30% water. 
The Sundarbans alone constitute 40% of the forest 
lands under the jurisdiction of the Forest Department 
and 24% of the total forest area of Bangladesh
It is intersected from north to south by large rivers or 

 
Fig. 1 — The Sundarbans forest of Bangladesh shown inside the red box
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forest of Bangladesh, which is the 
largest mangrove of the world, occupies a land area of 

streams, and channels 
. It is located at the southern 

extremity the Ganges river delta bordering on the Bay 
l made up of about 70% land and 30% water. 

The Sundarbans alone constitute 40% of the forest 
lands under the jurisdiction of the Forest Department 
and 24% of the total forest area of Bangladesh26.  
It is intersected from north to south by large rivers or 

estuaries, which are connected by numerous interlacing
channels and a large number of flat, marshy islands

The floristic composition of the Sundarbans is rich 
compared to many other mangroves of the world. 
There are 66 species of mangroves was identified
the Bangladesh Sundarbans which are belong to 
37 families28. The natural vegetation of the Sundarbans
is composed mainly of halophytic tree species. The 
trees of the Sundarbans exhibit hydrophytic and 
halophytic adaptations, which facilitate survival 
waterlogged and saline conditions. Three ecological 
zones within the Sundarbans, differentiated according 
to salinity and species composition, 
zone, the moderately saltwater zone,
zone29. In general, the forests in the northern and 
eastern parts of the Sundarbans are better supplied 
with freshwater30. 

The soil of Sundarbans is moderately saline to 
saline in the east and highly saline in the west. 
Soil salinity of Sundarbans is low in com
with other mangrove areas of the world where soil 
salinity exceeds that of sea-water
Sundarbans increases from east to west, the 
vegetation growth and canopy closure decreases 
from east to west32. Height and growt
species in Sundarbans are related 
A significant decrease in regeneration and growth 
is noticed with an increase in the level of salinity
It indicates that salinity plays a vital role in the 
distribution of species in 
germination is linked to salinity. In order to study 
the impact of salinity on the distribution of species 
in Sundarbans, updated and intricate information of 
the salinity and the forest inventory is essential

The Sundarbans forest of Bangladesh shown inside the red box 

stuaries, which are connected by numerous interlacing 
of flat, marshy islands27. 

The floristic composition of the Sundarbans is rich 
compared to many other mangroves of the world. 
There are 66 species of mangroves was identified in 
the Bangladesh Sundarbans which are belong to  

. The natural vegetation of the Sundarbans 
is composed mainly of halophytic tree species. The 
trees of the Sundarbans exhibit hydrophytic and 
halophytic adaptations, which facilitate survival in 
waterlogged and saline conditions. Three ecological 
zones within the Sundarbans, differentiated according 
to salinity and species composition, are the freshwater 

zone, and the saltwater 
. In general, the forests in the northern and 

eastern parts of the Sundarbans are better supplied 

The soil of Sundarbans is moderately saline to 
saline in the east and highly saline in the west.  
Soil salinity of Sundarbans is low in comparison  
with other mangrove areas of the world where soil 

water31. As the salinity of 
Sundarbans increases from east to west, the density of 
vegetation growth and canopy closure decreases  

. Height and growth of different 
species in Sundarbans are related to the salinity33. 
A significant decrease in regeneration and growth  
is noticed with an increase in the level of salinity34.  
It indicates that salinity plays a vital role in the 
distribution of species in the Sundarbans as 
germination is linked to salinity. In order to study  

the distribution of species  
in Sundarbans, updated and intricate information of 
the salinity and the forest inventory is essential35. 
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Researchers have studied the status of the mangroves 
in the world using Geoinformation science and RS in 
the past two decades36.Similarly, several studies have 
focused on using RS in identifying the salinity of a 
region37. However, there is a gap in identifying the 
impact of salinity in Sundarbans which can be 
addressed using GIS and RS.  
 
UNSDG, Climate change, and Mangrove forests 

Several published researches have shown that 
restoring Mangrove forests can help in achieving UN-
SDG38. Mangrove restoration directly helps us to 
achieve goal number 13 and 1539. However, restoring 
Mangroves and protecting the Mangroves will  
reduce poverty, and hunger which are goal 1 and 2 
respectively. Similarly, it also ensures economic 
growth (SDG-8) in the communities which are 
dependent on Mangrove forests. Restoration helps the 
environment and the reduces the impact of the climate 
change in multifold such as: 1) Strom barriers to 
minimize the effects of climate related hazards along 
the coast 2) Mangrove forests are efficient carbon 
sinks which can effectively reduce pollution. 3) 
Stabilize intertidal sediments; reducing coastal 
erosion to reduce the impact of sea level rise 4) 
Sustainable livelihood ensures lesser impact to the 
environment and thereby reducing further damage. 
The afore mentioned facts prove the necessity to 
study the impact of salinity in the Mangrove forests in 
Sundarbans and for its restoration.  

Researchers have published several papers based 
on their study in Sundarbans forests7-12. Exploitation 
of mangrove forests, increased anthropogenic 
activities, increased sea level rise, and increased 
chemical discharges are major problems that been 
noticed by the researchers15-20 and by the Bangladesh 
Forest Research Institute (BFRI), the Institute of 
Forestry & Environmental Sciences of Chittagong 
University (IFSCU) and the Center for Environmental 
and Geographic Information Services (CEGIS) 
showed considering physical parameters and 
boundaries conditions to understand the impact of 
SLR in species distribution in mangroves forest in 
Sundarbans40. This has been the base of the present 
research where a previous analysis of the forest 
distribution has been done through satellite images 
and, in a second moment, the MIKE21 and MIKE11 
software have been applied for defining the base 
condition and consequences for different sea level rise 
scenarios. 

Soil Suitability 
Forest suitability of the Sundarbans was evaluated 

through examining the suitability of some key species 
of this unique mangrove ecosystem in the context of 
sea level rise. The key species considered in this study 
are Sundri, Gewa, Goran, Keora and Passure, which 
are ecologically and economically important. Since 
there will be a lot of changes in physical, chemical 
and biological parameters of this ecosystem due to sea 
level rise, the suitable condition for the key species 
are evaluated with some parameters: inundation due 
to water level rise, physical parameters, salinity and 
chemical parameters are taken for analysis of forest 
suitability. 

RS data was used in the present study to map the 
current and past forest coverage: a time-series of 
Landsat and ASTER images. Three sets of images 
were used: two sets of Landsat TM images of 
February 1992 and April 1996 and one set of ASTER 
VNIR image acquired in November of 2001/2003 
covering the entire Sundarbans area were processed to 
derive the time-series. Intensive field investigation/ 
data collection has been conducted to develop the 
relation between the forest vegetation suitability and 
physical parameters (inundation and salinity). 

A limited amount of field data was collected from 
the Sundarbans. Field investigation was conducted to 
identify the major mangrove species such as Sundri, 
Gewa, Goran and their mixture and some species such 
as Keora and others. Different locations were visited 
(DangamariJongra, Bogi, Supati, Katka, Nilkamal, 
Dobaki, Notabanki, Kobadak, Kalbogi, Tiyarchar, 
etc.) to identify these species and their mixtures. 
 
Species Condition 

Before discussing the parameters, some criteria 
have been set to recognize whether a species is in 
good or poor condition (Table 1), according to the 
studies on the Sundarbans mangroves species 
previously mentioned41-44 

 
Salinity 

According to ODA (Overseas Development 
Administration) and other recent studies45-47 three 
salinity ranges can be used to define favourable 
growing places for these mangrove species: Low  
(<15 ppt), Medium (15-25 ppt) and High (>25 ppt). 
The suitability of each species was therefore noted  
as suitable, moderately suitable or not suitable in 
terms of salinity. 
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Inundation level 
Since the mangroves grow in tidal zones, 

inundation of land is an important factor for the 
growth of a species. Suitability of different species is 
defined in terms of three inundation duration classes45: 
<6 months, 6-9 months and >9 months (Table 2). 
 
Sea Level Rise 

A combination of two-dimensional and one-
dimensional models of the Bay of Bengal and 
Southwest area of Bangladesh using MIKE21 and 
MIKE11 software, developed by DHI, has been 
applied for defining the base condition and scenarios. 

The existing calibrated and validated models were 
used for this study with the latest available data to 
simulate the hydrodynamic conditions for different 
sea level rise scenarios. The two-dimensional model 
of the Bay of Bengal describes the flow, water level 
and sediment transport processes in the Bay. The 
result of the two-dimensional Bay of Bengal model 
has been used as the downstream boundary condition 
for the one-dimensional Southwest regional model. 

In the model set up, a complex network of about 
250 number of tidal and non-tidal river branches have 
been included. Catchments of Southwest regions are 
also included in the model. Schematization of the 

Table 1 — Criteria for species condition 

Species Parameter Very Good Good Poor 

Sundri      
  Age: >80 60 - 80 <50 
  Ht (m): >15 10-15 <10 
  Dia (cm): >24 12-24 <12 
  Soil Texture: Sandy clay loam Sandy clay loam Sandy clay loam 
Gewa      
  Age: <50 20-50 <20 
  Ht (m): >10 6-10 <6 
  Dia (cm): >12 8-12 <8 
  Soil Texture: Clay Clay Clay 
Keora      
  Age: >30 20-30 <20 
  Ht (m): >20 10-20 <10 
  Dia (cm): >30 20-30 <20 
  Soil Texture: Silty Clay Silty Clay Clay 
Goran      
  Age: 30 Na Na 
  Ht (m): 4 Na Na 
  Dia (cm): 2.5 Na Na 
  Soil Texture: Clay Na Na 
Pashur      
  Age: >50 40-50 <40 
  Ht (m): >13 7-12 <7 
  Dia (cm): >15 13-15 <13 
  Soil Texture: Silty clay   
 

Table 2 — Suitability of species to inundation 

Species Inundation 
Low Medium High 

<6 months (< 0.5 m depth) 6 - 9 months (0.5-1.0 m depth) >9 months (>1.0 m depth) 

Sundri Suitable Suitable Moderately Suitable 
Gewa Suitable Suitable Moderately Suitable 
Goran Suitable Moderately Suitable Moderately Suitable 
Keora Not Suitable Suitable Suitable 
Passure Suitable Suitable Moderately Suitable 
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river system are done by using Dx = 2000 to 10000 m 
depending upon the length of the river reach  
and availability of the cross-section data46,47, where 
Dx is the distance between two h (a stage height 
computation point) or Q points (river flow calculation 
point)  
 
Boundary conditions 

The downstream boundary carries sea level rise 
impact into the upstream rivers/khals (tidal channels). 
The upstream boundary has been taken from observed 
time series data. The downstream boundary has been 
taken from 2D Bay of Bengal model. The south 
boundary of the 2D Model is located in the deep sea 
and has been generated from the predicted tide at 
Baruva in India and Shearle Point in Myanmar. 
 
Water levels, discharge, and velocity 

Water level, discharge, and velocity at each node of 
the modeled rivers are computed from Mike 11 runs 
for all scenarios and options. The water level has been 
used for flood depth and extent map preparation using 
GIS. Discharge and velocity data has been used  
to compute sediment transport for tidal and river 
floodplain zones. 
 
Salinity 

Salinity model developed by the Institute of Water 
Modelling (IWM) has generated the salinity data 
using hydrodynamic model results, Bay of Bengal 
results and some other parameters as input. The 
surface water salinity values were generated at  
model grid points along the rivers for the scenario  
and adaptation option runs. Using the available 
observed data from SRDI (Soil Resource 
Development Institute), relationship equations were 
developed to generate the ground water salinity and 
soil salinity from surface water salinity that was 
output of salinity model. 
 
Results 

The objective of this component was to classify 
and monitor the changes in the distribution of the 
mangrove species of the Sundarbans using a time-
series of Landsat and ASTER images. The output of 
this change detection is expected to provide an insight 
into the changing soil salinity conditions of the 
Sundarbans which to some extent influences the 
distribution of mangrove species in this forest. 

After the data collection on fieldwork, a series of 
maps has been produced showing the likely change in 

vegetation habitat and distribution under different sea 
level rise scenarios.  

The images (figure 2) show that the Sundri is 
distributed mostly in the central, north and north-
eastern part of Sundarbans, whereas a mixture of 
Gewa&Sundri and Gewa is dominant mostly in the 
south and south-eastern part. On the other hand, 
Goran & Goran Gewa is dominated in the western 
part of Sundarbans. The Landsat TM 1992 images 
were classified using the same reflectance pattern of 
1996 images. ASTER 2001-04-05 images were 
classified by relational spectral signatures of the 
Landsat TM 1996. 

A comparison of the time-series of classified 
images revealed a pattern of changing the distribution 
of the mangrove species. It was seen that in the 
western part of the Sundarbans the Goran-Gewa 
distribution became more dominant over time replacing 
the other species. Figure 3 is a snapshot from one of 
such areas (highlighted in yellow in figure 2). 

In a similar manner, the central and eastern parts 
showed the growing replacement of the Sundri 
species first by Goran and then by Gewa between 
1992 and 2001. Both these patterns matched with the 
changing salinity regime in this region where salinity 
is slowly increasing from the western part towards the 
northeast. This favors the more salt-tolerant species 
such as Goran and Gewa over the Sundri. 

The suitability study of Sundri, based on salinity 
and inundation, in both back swamp and canal bank, 
shows that low saline and lower inundated areas are 
most suitable for their growth and survival. In back 
swamp areas, where drainage density is low, the 
growth of Sundri is good under low salinity-low 
inundation, low salinity-medium inundation, and 
medium salinity-low inundation. It implies that 
salinity less than 25 ppt and inundation less than  
9 months (alternatively, inundation depth less than  
1.0 m) is favorable for the growth of Sundri. In other 
cases, basically in higher salinity and inundation, 
Sundri’s growth is poor. Sundri cannot grow on  
canal banks due to very high salinity and frequent 
inundation. 

Similar to Sundri, Gewa trees predominantly grow 
in back swamp areas rather than canal bank areas. 
Analyzing the relation with inundation and salinity,  
it is observed that Gewa is most resistant in back 
swamp area whether the area has low or high drainage 
density. Except for high salinity-high inundation, all 
other cases of salinity-inundation matrix favors thegood 
growth of Gewa. 
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The most suitable places for the growth of Goran 
are back swamp areas where salinity is higher but 
inundation is lower. That is why Goran does not grow 
in canal bank areas. Both in high and low drainage 
density areas of back swamp, the growth of Goran are 
the same. Its growth is very good in high salinity and 
low inundation. Its growth is also good in medium 
salinity-low inundation, medium salinity-medium 

inundation, and high salinity-medium inundation. In 
all other cases, Goran has the poor growing capacity. 
 
Sedimentation 

Sedimentation in coastal rivers and tidal 
floodplains is of major concern, which is expected to 
change with sea-level rise. The effect of sea-level rise 
on sedimentation in rivers was assessed considering 

 
 

Fig. 2 — The classified Landsat TM image of the year 1992 and 1996 and ASTER image of years2001-04-05 for major mangrove 
species. Department of Forest map 1995 is also shown with thesame color scheme 

 



FAKHRUDDIN et al.: 

the changes in tidal hydraulic condition. Velocity data 
generated by the hydrodynamic model for the base 
year condition and future sea-level rise scenarios were 
used in a simple analytical framework to compute the 
present condition of sedimentation in rivers for the 
base year and then extended to predict the same for 
different sea-level rise scenarios. 

Flood tide velocity decreases from the sea end to 
upstream. At some inland location, the flood tide 
velocity becomes zero, which represents the ‘inland 
limit of horizontal tide’. It is this location where the 
sedimentation will be maximum as the flood tide 
velocity at this location is zero48-50. With an i
in sea-level rise, the horizontal flood tide is expected 
to propagate further inland thus shifting the zone of 
movement upwards. In the analysis, the results of the 
hydrodynamic model runs for the three months from 
August to October for the base year 2000 and the 
three future sea-level rise scenarios, viz. 14 cm in 
2030, 32 cm in 2050 and 88 cm in 2100, were used to 
locate maximum sedimentation zone in the coastal 
river network. Figure 4a and 4b show
the river network where the null points were found 
from August to September for the base year 2000. 

 

Fig. 3 — Changing pattern in distribution of Goran and 
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The major areas where sedimentation appears to be of 
concern are the Betna River and the Kazibacha
Nabaganga system. Further results are shown in 
Table 3 and 4. 

As seen in Table 3, the lo
sedimentation zone in Betna river shifts upward by 
about 9-11 km for a sea level rise of 88 cm.
quite significant and warrants appropriate attention 
from the river operational and maintenance point of 
view. The same is true for the Kazibacha

Changing pattern in distribution of Goran and Gewa from 1992 to 2004-05
 

 

Fig. 4 — (a) Locations of horizontal tide limits (b) zone of 
movement of horizontal tide limit 
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system where the upward shifting of the lower limit of 
the maximum sedimentation zone was of the same 
order for the months of August and September.  

Considering all the uncertainties and complexities 
of the physical processes involved and insufficient 
observed data, an attempt was made to find an 
indicative answer to the problem of coastal floodplain 
sedimentation with increasing sea-level.  

Sediment supply to the tidal river system was 
considered to be coming from the sea end, as 
proposed by the FAP 4 study51-53, i.e., the fine 
sediments and silts originate from the Meghna 
discharge during the wet season and are carried 
westwards by near shore currents created by the 
northeast monsoon in the period from July to 
November. The basis of the analysis was a sediment 
mass balance approach that considers that it is a part 
of the sediment volume entering the system from the 
sea end that will be distributed over the tidal 
floodplains. Distribution of suspended sediment 
concentration along the rivers was estimated from 
field measurements at 15 locations within the project 
area in October 2001 (on a fixed day for each 
measurement) by IWM (2003ab). This is a data 
limitation since measurement was not done covering a 

spring-neap cycle. Inundation depth maps generated 
as a part of the project were used to calculate 
inundation volumes in all cells (50 m x 50 m). 
Sedimentation in individual cells was then calculated 
in proportion to inundation volume and suspended 
sediment concentration in that cell. It was assumed 
that suspended sediment concentration in rivers will 
remain the same in future. 

In each cell, the factor by which sedimentation rate 
increases or decreases due to sea-level rise compared 
to the base line condition (the year 2000) was then 
calculated. For all three sea-level rise scenarios 
(figure5), sedimentation rate increases in larger areas 
compared to areas where the rate goes down, as 
illustrated in Table 5. The decrease in sedimentation 
per year in some areas as shown in the table does  
not mean that there will not be any sedimentation. 
Sediments will keep accumulating with increasing sea 
level, but at a lower rate in those areas. 
 
Drainage and flooding 

There are 35 polders inside the study area covering 
an area of 4,760 km2. These polders are protected  
by about 2,060km either by embankments or natural 
elevated areas against flood and tidal surges. 

Table 3 — Horizontal tide limit in Betna River 

 Baseline position of Horizontal tide   SLR 
14 cm 

SLR 
32 cm 

SLR 
88 cm 

Aug. Upper limit (chainage, m) 31700 Upward shift in upper limit (km) 0.9 3.2 5.9 
Lower limit (chainage, m) 61000 Upward shift in lower limit (km)  -2.0 1.1 16.1 

Sept. Upper limit (chainage, m) 37500 Upward shift in upper limit (km) 6.4 6.6 9 
Lower limit (chainage, m) 70000 Upward shift in lower limit (km)  1.4 4.7 9.4 

Oct. Upper limit (chainage, m) 41000 Upward shift in upper limit (km) 6.0 7.8 10.1 
Lower limit (chainage, m) 78300 Upward shift in lower limit (km) 5.8 8.3 9.2 

 

Table 4 — Horizontal tide limit in Kazibacha-Nabaganga system 

 Baseline position of Horizontal tide  Shift due to 
SLR 

SLR 
14 cm 

SLR 
32 cm 

SLR 
88 cm 

Aug. Upper limit  
(chainage, m) 

Below  
Nabaganga_M 

26000 

Upward shift in upper 
limit (km) 

Upper limit  
beyond project 

boundary 

Upper limit  
beyond project  

boundary 

Upper limit  
beyond project  

boundary 
Lower limit  

(chainage, m) 
Kazibacha 

2000 
Upward shift in lower 

limit (km) 
0.8 2.0 7.9 

Sept. Upper limit  
(chainage, m) 

Below  
Nabaganga_M 

26000 

Upward  
shift in upper limit (km) 

Upper limit  
beyond project 

boundary 

Upper limit  
beyond project  

boundary 

Upper limit  
beyond project  

boundary 
Lower limit 
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Hundreds of sluice/regulators have been constructed 
on the embankments mainly for draining rainwater 
and to obstruct the sea water from entering. The 
flooding and drainage situation for the base cond
has been estimated based on the flood in 2000 using 
the Mike11 model results. The flooding area of three 
districts has been categorized in-depth
0-30cm, 30-90 cm, 90-180 cm, 180
greater than 300 cm. 

Two scenarios, Sea Level Rise of 32 cm and 88 cm,
are accounted to assess the impact of flooding and 
drainage. 

Fig. 5 — Changes in s
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Hundreds of sluice/regulators have been constructed 
on the embankments mainly for draining rainwater 
and to obstruct the sea water from entering. The 
flooding and drainage situation for the base condition 
has been estimated based on the flood in 2000 using 
the Mike11 model results. The flooding area of three 

depth classes as dry, 
180 cm, 180-300 cm and 

Two scenarios, Sea Level Rise of 32 cm and 88 cm, 
are accounted to assess the impact of flooding and 

Hydrodynamic model results considering 32 cm 
sea level rise show that embankments of 4 
will be submerged by over 10 cm water depth, 
and this number will increase to 13 
88 cm sea level rise. The polders that suffer 

 

Changes in sedimentation rate due to SLR 14cm, 32 cm, and 88 cm 
 

Table 5 — Percentage change in sedimentation from base

Scenario Areas with increase in 
sedimentation 

SLR 14 cm 62% 

SLR 32 cm 59% 

SLR 88 cm 55% 
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Hydrodynamic model results considering 32 cm 
sea level rise show that embankments of 4 polders 
will be submerged by over 10 cm water depth,  
and this number will increase to 13 polders with an  
88 cm sea level rise. The polders that suffer  
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this submergence are shown in Figure
shows the difference in the size of flooded areas 
with SLR. 

The drainage of protected areas (polders) will be 
slowed down and as a consequence, the flooding will 
be elongated; this will have an adverse
cropping area and positive effect on the shrimp 
since shrimps have saline tolerance limits

 
Salinity 

The salinity of rivers in different locations was 
computed using the Hydrodynamic and Salinity 
model of IWM. The river salinity has been translated 
onto the flood plain using spatial analysis tool of GIS 
technologies. 

The base condition of salinity and the impact of a 
32cm and 88cm SLR on salinity in the area are shown 
in Figure 8a, b, c. The low saline area (0
decreased from 10.8% to 9.2% and 4.0% with SLR 
32 cm and 88 cm respectively, whereas high saline 
area, i.e. 20-25 ppt has been increased from 12.6% to 
15.7% and 17.9% with SLR 32 cm and 88 cm 
respectively. 

 
Fig. 6 — Polders affected by submergence
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The salinity of rivers in different locations was 
computed using the Hydrodynamic and Salinity 
model of IWM. The river salinity has been translated 

using spatial analysis tool of GIS 

The base condition of salinity and the impact of a 
32cm and 88cm SLR on salinity in the area are shown 

8a, b, c. The low saline area (0-1ppt) has 
decreased from 10.8% to 9.2% and 4.0% with SLR  

spectively, whereas high saline 
25 ppt has been increased from 12.6% to 

15.7% and 17.9% with SLR 32 cm and 88 cm 

Conclusion 
Mangrove forests play an important role in 

stabilizing coastlines and reducing the erosion of 
fertile soil. Sundarbans is the world’s largest 
mangrove forest and is situated 
Bengal, extending from India into Bangladesh. 
Studies have shown that Sundarbans assists the local 
community in maintaining their livelihoods and acts 
as a barrier against floods and storms. Our results 
found that the Sundarbans mang
threat due to Sea Level Rise (SLR). United Nations 
(UN) climate research has revealed that SLR in 
Bangladesh is expected to increase up to 1.5m by 
2050. According to the UN Sustainability 
Development Goals (SDG) 13 and 15, sea
due to climate change is a major concern and it should 
be combated since it affects mangrove forests and 
biodiversity. So, the proper sustainable management 
on mangrove forest is needed. This paper analyses 
techniques in remote sensing (RS) and spatial 
studying the effects of SLR in the Sundarbans 
mangrove forest. Its importance in restoring and 
protecting mangroves is reflected most clearly in 
SDG. Three parameters, including distribution of 
species, increases in sedimentation, salinity, and 
flooded areas were analysed using RS. Data acquired 
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Fig. 7 — Land distribution under different scenarios

 

 
Fig. 8 — (a) Salinity in base year (b) Salinity with SLR 32cm (c) 
Salinity with SLR 88cm 
 

Mangrove forests play an important role in 
stabilizing coastlines and reducing the erosion of 
fertile soil. Sundarbans is the world’s largest 
mangrove forest and is situated on the coast of Bay of 
Bengal, extending from India into Bangladesh. 
Studies have shown that Sundarbans assists the local 
community in maintaining their livelihoods and acts 
as a barrier against floods and storms. Our results 
found that the Sundarbans mangrove forest is under 
threat due to Sea Level Rise (SLR). United Nations 
(UN) climate research has revealed that SLR in 
Bangladesh is expected to increase up to 1.5m by 
2050. According to the UN Sustainability 
Development Goals (SDG) 13 and 15, sea-level rise 
due to climate change is a major concern and it should 
be combated since it affects mangrove forests and 
biodiversity. So, the proper sustainable management 
on mangrove forest is needed. This paper analyses 
techniques in remote sensing (RS) and spatial data in 
studying the effects of SLR in the Sundarbans 
mangrove forest. Its importance in restoring and 
protecting mangroves is reflected most clearly in 
SDG. Three parameters, including distribution of 
species, increases in sedimentation, salinity, and 

oded areas were analysed using RS. Data acquired 
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from Landsat TM and field investigations were used 
to map the forest distribution and MIKE21 and MIKE11 
software used to simulate sea level rise scenarios. The 
analysis showed an increase in the prevalence of 
Goran (Ceriops) replacing other mangrove species. 
An increase in sedimentation within the Sundarbans is 
likely to increase with SLR, particularly in river 
floodplains and increase flood frequency. This will 
also have salinity intrusion impacts. This study 
concluded that integrated modelling, using remote 
sensing techniques and spatial datasets, could have a 
positive role in combating climate change impacts 
(SDG 13) and halting biodiversity loss (SDG 15). 
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