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Introduction
 Mangrove forests are an ideal example of one of the most productive

ecosystems in the world, being the abode of diverse fauna and flora.
 India has a total area of 4461 km2 under mangroves, which is 0.14% of the

country’s total geographic area. This mangrove cover accounts for about
5% of the world’s total mangrove vegetation.

 The Indian Sundarban Biosphere Reserve (SBR) is a significant ecological
region due to its luxuriant mangrove forest and high biodiversity.

 Of the total inhabited islands in the SBR (102 in all), 48 are densely
forested.

 Inspite of its ecological immense benefits, these are subject to constant
degradation due to anthropogenic disturbance and climate change.

 Geoinformatics have a greater influence in effectual mangrove
management by providing information:
• Spatial
• Comprehensive
• Reliable
• Up to date information on forest cover dynamics



Worldwide distribution of mangroves, with an indicative graph of the 
low latitude mangrove species diversity.

Global distribution of Mangroves



Influencing factors of Mangrove

Factors affecting the coverage area, diversity and growth of mangroves:

The health of the mangrove forest, with reference to its hydrological and soil
conditions, and the wealth of the mangroves in terms of its area, species
diversity, biomass and productivity are determined by:

 Degree of protection against high-energy waves

 Quantity and duration of freshwater flow and sediment supply

 Higher tidal amplitude

 Gently sloping coastal topography

Mangroves-suitable soil types

The Sundarban region in West Bengal provides the best example of a low-energy
wave coast, where mangroves grow luxuriantly along the seashore. In fact, in
these areas, the mangrove forest is slowly growing into the sea.
Low salinity is prerequisite for such growth of Mangroves.



Classification of mangroves
The plant community in the mangrove environment is classified into

two types :

 True mangrove species 

Associate mangrove species 

True mangrove species are found only in the mangrove wetlands,

whereas associated species are found both in the mangrove environment

and in the nearby areas.

Globally, a total number of 69 plant species have been identified as true

mangroves.

All these species are able to grow in saline water but only a few of them

have the ability to tolerate high salinity.



Study Area

Sundarban Biosphere Reserve 

Geographically, the Indian Sundarban
stretches across 21o 31′N and 22o 30′N
latitude and 88o 10′E and 89o 51′E
longitude. Of the total area of the
Sundarban (~25,500 km2), 9,630 km2 area
lies in India. Mangrove forests occupy
4266 km2 area in Indian Sundarban. The
Sundarban Biosphere Reserve consists of
102 large and small islands out of which
48 are uninhabited and 54 are inhabited.



Administrative division 
of SBR

The Indian Sundarban
Biosphere Reserve is spread
over 19 community
development blocks (CDB) in
North and South 24 Parganas
districts, encompassing over
1063 villages in 54 inhabited
coastal islands. The SBR has a
population of 4.37 million
people with its population
density being 975 persons/sq
km (Census 2011). Most of the
population resides in rural areas
and thrives on coastal
agriculture (80%) and fisheries.
Nearly 43.5% of the residents
live below the poverty level.



Mangroves of the Sundarban Biosphere Reserve 

Sediment budget of a mangrove swamp. 

Mangrove forests can only be found in the estuarine regions where a large
amount of freshwater is discharged for longer duration of time in a year.
The Sundarban mangrove forest which receives freshwater from the River
Ganges and the Brahmaputra and its tributaries/distributaries throughout the
year, harbours not only the highest number of mangrove plant species but
also the most dense and tallest mangrove forest in the world.



Area under mangrove forest in
the SBR has decreased from 22.9%
in 1975 to 19.8% in 2015.
Nearly 303 km2 area under
mangrove forest has been lost at the
rate of 2.5%, 5.4% and 6.5% during
1975-1990, 1990-2000, 2000-2015
respectively, showing an
accelerated loss trend.

MANGROVE FOREST COVER CHANGE IN THE SBR (1975-2015)
Degradation of mangrove Change in sq km Change in %
Mangrove to sand bars 1.7 0.5
Mangrove to Wetlands 6.5 1.9
Mangrove to Settlements 8.6 2.5
Mangrove to Swamp 176.2 51.7
Mangrove to Water body 120.9 35.4
Mangrove to Croplands 27.0 7.9
Total degradation 341.0



Degradation of Mangroves in SBR during 1975-2015



Anthropogenic influence on the degradation of 
mangroves in the different islands of the SBR
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The Sundarban mangroves have suffered large scale degradation due to one

or a combination of the following factors:

1) Changes in biophysical conditions due to coupe felling in the past

2) Reduction in freshwater inflow from upstream

3) Coastal erosion and loss of island area

4) Over exploitation by local community for forest products

5) Clear felling as a part of the government management practice

6) Inundation of low-lying lands and construction of earthen embankments

7) Sea level rise and extreme weather events

8) Conversion of mangrove forests for different purposes into other lands

Eight important  causes of Mangrove 
degradation in the SBR 



Mangrove conservation and restoration in SBR
The mangrove conservation and protection of the SBR consist of:

1. Surveying and mapping the degradation of mangroves

(Application of remote sensing ad GIS techniques )

1. Identification and selections of mangrove site suitability indicators

2. Assessment of suitable sites for Afforestation and Restoration of mangrove
forests

3. Identification of existing mangrove areas for conservation and implementing
feasible and well monitored Conservation Programmes

4. Identification of effective techniques of mangrove restoration for rehabilitating
degraded mangrove areas

5. Promotion of relevant research into mangrove phenology, coastal and estuarine
dynamics of the area and erosion susceptibility / natural hazard vulnerability

6. Preparation of a management plan through adoption of a multidisciplinary
approach involving state governments universities research institutions, NGOs
and local organizations



Grid Based Analysis for Mangroves Habitat Site 
Suitability in the SBR

A total of 2060 grids overlain on the SBR



Grid based spatial-view of mangrove degradation in SBR

2*2 km grid



Satellite image based record of 
Mangrove degradation  in SBR 

from 1990 to 2019

1975 2019



A. Physical Parameters:
1. Elevation
2. Slope
3. Curvature 
4. Geomorphology 
5. Distance from water body 
6. Drainage density
7. Flow direction
8. Topographic Wetness Index (TWI)
9. Stream Power Index (SPI)
10. Rate of erosion/accretion 

B. Environmental Parameters:
1.   Mean NDVI 
2.   NDVI standard deviation
3.   Level of flood inundation
4.   Mean tidal range 
5.   Wave height 
6.   MNDWI
7.   NDMI

Indicators for mangrove site suitability  (56)
C. Soil Parameters: 

1. Soil texture 
2.   Soil salinity
3.   Soil fertility index
4.   Mangrove-suited soil formation index
5.   Sediment yield factor (ton) 
6.   Soil hydraulic conductivity (cm/s)
7.   The Sodium Adsorption Ratio (SAR) 

D. Water Parameters:
1.   Water surface temperature
2.   Water surface turbidity 
3.   Water salinity 
4.   pH value 
5.   Dissolved Oxygen (mg/L)
6.   Nitrate (lg/L)
7.   TDH 

E. Disturbance Parameters: 
1. Distance from road railway track
2. Road density 
3.   Distance from Settlement 
4.   Population density (grid data) 
5.   Distance from waterways
6.  Embankment density



…contd. 
F. Bio-climatic Parameters:

1. BIO1 = Annual Mean Temperature
2. BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
3. BIO3 = Isothermality (BIO2/BIO7) (* 100)
4. BIO4 = Temperature Seasonality (standard deviation *100)
5. BIO5 = Max Temperature of Warmest Month
6. BIO6 = Min Temperature of Coldest Month
7. BIO7 = Temperature Annual Range (BIO5-BIO6)
8. BIO8 = Mean Temperature of Wettest Quarter
9. BIO9 = Mean Temperature of Driest Quarter
10. BIO10 = Mean Temperature of Warmest Quarter
11. BIO11 = Mean Temperature of Coldest Quarter
12. BIO12 = Annual Precipitation
13. BIO13 = Precipitation of Wettest Month
14. BIO14 = Precipitation of Driest Month
15. BIO15 = Precipitation Seasonality (Coefficient of Variation)
16. BIO16 = Precipitation of Wettest Quarter
17. BIO17 = Precipitation of Driest Quarter
18. BIO18 = Precipitation of Warmest Quarter
19. BIO19 = Precipitation of Coldest Quarter

Bioclimatic variables are derived for the monthly temperature and rainfall values in order to
generate more biologically meaningful variables. These are often used in Species Distribution
Modeling and in related ecological modeling techniques.

http://rspatial.org/sdm/


Physical Parameters



Environmental Parameters



Soil Parameters



Water Parameters



Disturbance Parameters



Bio-climatic Parameters



Bio-climatic 
parameters

contd.



DATABASE
Parameters Source of the data Details about data Periods 
Weather and climate data Indian Metrological Department (IMD) District level data 1901 to 2015

Sea level rising PSMSL Sea level rise in (mm) 1937 to 2012
Mean tidal range Daily Tide gauge data NOAA Tide gauge data 2015-2016

Significant wave height National Institute of Oceanography (NIO) data Height in meter 2014 to 2016

Strom surge and cyclone Indian Metrological Department (IMD) Super cyclone, severe cyclone 1891 and 2010

Geomorphology Survey of India,  IRS LISS-IV images 1:25,000 and 1: 50,000 Topographical Sheet, 2014

Coastal shoreline change LANDSAT MSS, TM, ETM+, OLI 60 meter (MSS) 30  meter (TM, OLI) 1975, 1990, 2000, 2015
Bathymetry usgsCeSrtm30v6 ,GMRT (90 m) Depth in meter 2014
Coastal slope usgsCeSrtm30v6 ,GMRT (90 m) Coastal slope in degree 2014

Elevation SRTM DEM, (USGS) 1 arc second Z & 30*30 m spatial resolution 2013

Land use/land cover  LANDSAT MSS, TM, ETM+, OLI 60 meter (MSS) 30  meter (TM, OLI) 1975, 1990, 2000. 2015

Soil texture National Bureau of Soil Survey & Land Use Planning, India 1:50,000 2000

Surface water Quality (mean 
monthly) Department of Marine Science, University of Calcutta PH, Salinity, surface water temperature 1980 to 2015

Vegetation, Spectral indices & LST USGS earth explorer 30 meter spatial resolution 1990, 2000, 2015 
Drainage density

Survey of India 1:25,000 and 1: 50,000 Topographical sheet NA

Curvature SRTM DEM, (USGS) 1 arc second Z & 30*30 m spatial resolution 2014
Slope angle  SRTM DEM, (USGS) -Do- 2014 
Slope aspect SRTM DEM, (USGS) -Do- 2014 

Embankment density NDMA data of West Bengal and Google earth height in meter and spatial polyline 2009 to 2016

Drainage Proximity Topographical Sheet 1:50000 and Google earth Distance in meter, spatial polyline 2016
Population Data Census of India, 2011 PCA abstract 2011
BioClimb Data Environmental Climb 3.2.2. 2017-2018
Soil salinity, Soil PH and water 
quality Primary field survey for soil and water sample Primary instrumental and laboratory test During 2016-2017



Application of MAXENT for 
Mangrove habitat suitability in the SBR

Maxent is a general-purpose machine leaning algorithm which is a non-parametric
technique and does not make any prior assumption about the distribution of data.
It makes predictions on the basis of environmental covariates along with the
presence locations (Phillips et al., 2006).
Maxent accepts the presence data in the form of x, y coordinates where x is the
longitude and y is the latitude, which should be the same as the coordinate system of
the environment variables.
In the present study, Maxent version 3.3.3 is used along with a sample size of 300
presence data and 250 degraded mangroves locations data, which were partitioned
into 70% and 30%, to train and test the model, respectively.
As Maxent is not much affected by the inclusion of highly correlated variables,
only ecological relevant input parameters were included, in order to easily
understand the response of the existing species to the different environmental
variables.
The output generated by Maxent predicts the suitability of a habitat, for a given
species, on the scale of 0 - 1. The least suitable areas are symbolized by 0, while 1
symbolizes areas having the maximum suitability.



Marginality, specialization and tolerance of the SBR Mangroves

SBR Mangroves

Marginality:    0.741

Specialization: 25.565

Tolerance (1/S): 0.062

Habitat suitability
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Average Ecological Niche Factor (ENF) of the SBR Mangroves

AUC =0.869
Under ROC Curve



Mangrove Habitat Site Suitability grids

Suitability class No. of grids
Highly suitable 936
Moderately suitable 216
Slightly suitable 401
Not suitable 503

Mangroves restoration 
possible grids 

=
Highly suitable grids –

(>75% mangrove presence grid 
+  

> 50% private property grids)



Mangroves restoration possible grid in SBR

Block No. of restoration 
possible grids

Haroa 0
Hasnabad 0
Minakhan 0
Sandeshkhali-I 0
Sandeshkhali-II 0
Canning II 0
Jaynagar I 0
Jaynagar II 0
Mathurapur I 0
Hingalganj 1
Canning I 6
Kakdwip 5
Kultali 8
Mathurapur II 9
Gosaba 16
Basanti 18
Sagar 18
Namkhana 32
Patharpratima 43



Zoomed-in views of some highly suitable grids for 
mangrove restoration in the SBR

Bhakhalli

Azlamari reserve forest

Basanti blockKultali block

Gosaba
Block

Moushani
Islands



Some important patches of SBR Mangroves

Plate 3.1: A) Deep rooted mangrove in Sundarban National Park; B) Replantation of mangrove in Burge
Island; C) Deposition and new island formation alongside Thakuran Island; D) Creeks and mangrove swamp
of Sundarban Biosphere Reserve.
Source: The authors’ field photographs taken during December, 2017



Workflow of some effectives techniques 
for Mangrove restoration 

Canal Method

Fishbone 
method

Parallel 
method

Granting permission from State 
Forest Department

Demarcation and identification of 
degraded lands

Measurement of microtopography

Designing of canal

Organizing canal digging

Planting

Maintenance of canals

Care and maintenance of plantation

Selection of natural 
creek/channel

Layout and design of 
fishbone channel

Planting suitable species

Channel maintenance

Investigation and Feasibility Report / 
Detailed Project Report (DPR)

Planning in appropriate alignment and 
design by considering soil types

Cutting/ infilling 

Partly incutting and partly infilling



This method is otherwise called the Trench Method, and is largely followed while
restoring mangrove areas that have been degraded due to clear felling in the past,
under the coupe system of management.

Two types of Canal Methods are practiced across the world: 
1. Fishbone Canal Method and 2. Parallel Channel method. 

Canals designed like a fish bone produce better results.

Canal Method

Parallel Canal Method 
(Bakkhali, Sundarban, West Bengal) 

Fishbone Canal Method
(Pichavaram, Tamil Nadu) 



Fishbone 
Technique



Where canal method should be applied?

Type 1 Area: Trough shaped area degraded due to coupe felling

Type 2 Area: Degraded due to development of levee along the banks of the tidal creeks

Area not suitable for mangrove plantation



Hydrological restoration 
implemented in mangrove 
wetlands in Pichavaram, Tamil
Nadu, India, showing original 
main and feeder channels 
excavated circa 1996.
(a) March 3, 2003;
(b) January 02, 2019
(Source: Google Earth Pro; 
image area: 55.5 ha; eye 
altitude 881 m; 
Latitude: 11°25′59.86″ N, 
longitude: 79°47′28.89″ E 
at the center of the images

2003

2019

Some examples of successful 
Channel method application 



Fishbone Canal 
Method

Krishna-Godavari Delta 
Region, East Coast of 
India 
Mangrove restoration 
through a network of 
canals using the Fishbone 
Method (upper panel in 
(a)) and 
Snake
Method (upper panel in 
(b)).
The spread of mangroves 
in such areas can be 
noticed by comparing the 
middle and lower panels in 
both (a) and (b), which are 
extracted from very high-
resolution Google Earth 
images from different 
years.
Sumiko et al. 



Some more examples of the 
Fishbone Canal Method 

obtained during field visits



What next in the SBR ??????
1. Conservation Programmes

2. Restoration of degraded mangrove areas in the very
highly suitable grids;

3. Preparation of a management plan

4. Promotion of the gird base mangrove site suitability
assessment and restoration research

5. Adoption of a multidisciplinary approach /
framework involving the Local and State
Government bodies, Universities, Research Institutes
, NGOs and local organizations.



Conclusion
 The Mangroves of the SBR, being one of the most dynamic 

and productive ecosystems in the world, are subjected to 
constant degradation.

 Geoinformatics aids in spatial and temporal analysis of 
the mangrove susceptibility to climate change induced 
disasters.

 The mangrove cover in the SBR was decreasing at the rate 
of 6.5% per year during the time period 2000 to 2015.

 The main causes of their degradation are sea level rise, 
sudden disaster events and over-exploitation or lack of 
other sustainable adaptative strategies among the local 
rural residents.



Contd…

 Effective disaster and socioeconomic management 
schemes and strategies, and proper monitoring of 
mangroves can be helpful in maintaining the 
mangrove cover and conserving large tracts.

 Appropriate restoration techniques will be incisive for 
the rejuvenation of mangroves in already degraded 
areas. 



The field photo gallery 
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