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Annexure A 

c. (i). Brief objective of the project: 
 
The main objectives of this research is identification of saline blanks and discrimination of mangrove 
species that remain associated with saline blanks in mixed or pure stands through : 
 
(1) Detection and pattern recognition of saline blanks within pure/mixed mangrove forest with help 

of digital image processing of hyperspectral data 
 

(2) Classification and pattern recognition of associated mangrove species that surround these saline 
blanks with help of digital image processing of hyperspectral data  

 
(3) Development of Spectral Library of the identified mangrove species. 
 
(4) Time-series change detection study of saline blanks and associated mangrove species  

 
(5) Suggestion for adoption of proper restoration measures and sustainable management options by 

reclamation with on site-specific basis. 
 

ii) Work done so far and results achieved and publications, if any, resulting from the work (Give 
details of the papers and names of the journals in which it has been published or accepted for 
publication: 

On receipt of grant, commencement of the diverse project activities took place immediately and 
mobilization of resources was initiated under the respective allocated heads. Since then, there has been 
significant headway achieved in project activities and the theme components and the progress has been 
reported as follows: 

The entire study has been divided into two parts: Part A and Part B  
 
PART A: Development of New Model for Detection of Saline Blanks amongst Mangrove Species on 

Hyperspectral Image Data 

Summary 
 

This study attempts to apply hyperspectral imagery to identify saline blank patterns within mixed 
mangrove forest of the Sunderban Bio-geographic Province of West Bengal, India. This research uses 
derivative analysis to identify hyperspectral wavelengths that are sensitive to the presence of minerals 
comprising saline blanks. These wavelengths have been considered for development of a new saline blank 
identification model. The wavelength showing derivative value with maximum absorption in the SWIR 
region at 1780 nm and maximum reflection in the Red region at 690 nm has been extracted for 
development of saline blank index. The new saline blank detection index has been compared with the 
existing salinity indices and a detailed analysis has been carried out. It is found that the new index 
outperforms the existing salinity indices-Normalised Differential Salinity Index and Salinity Index, and 
accurately detects the Saline Blank areas of Henry Island of the Sunderbans Delta. The accuracy of pixels 



identified as Saline Blank pixels has been assessed by comparing its overall accuracy with other existing 
indices. Physical sampling has also been carried out and the Salinity results have been compared with the 
image derived results. 
 
1. Introduction 

 
The Sunderban mangrove ecosystem is the largest single patch mangrove forest in the world that offers a 
closed, continuous and unique ecological niche’ of varied mangrove species. Yet the Sunderban 
mangroves represent one of the most threatened and vulnerable ecosystems that have experienced a 
traumatic decline in areal extent and species diversity over the last few decades. This has necessitated the 
need for a detailed species level classification and mapping of mangroves that would help to identify the 
extent of damage to this floral community.Saline blanks are very common features of mangrove 
ecosystem that exists in an active deltaic environment4. Saline blanks, prior to their formation, are initially 
lowlands that have the capacity to store water for longer time during the high tide periods. The 
accumulated water later gets evaporated, leaving the salt and sediments behind. With gradual rise in 
salinity, these saline rich areas become inadaptable and gradually get devoid of mangrove cover. The 
presence of saline blanks exerts a mixed influence on the distribution of mangrove species. Saline blanks 
are good for growth of Ceriopsdecandra and Excoecariaagallocha, while these are completely 
detrimental for Sundari (Heritierrafomes), Dhundul (Xylocarpusgranatum) and Possur 
(Xylocarpusmecongensis). In Bangladesh, due to increase in saline blanks, about 40% mangrove cover is 
affected by tip-dying disease. Presence of saline blanks is good for Avicennia marina and 
Avicenniaalbawhich have excellent stilt root system and high pneumatophore density and prefer more 
saline environment for their survival.  

Remote sensing is a convenient tool to undertake pattern recognition and change detection of mangrove 
forests and saline blanks that exist within it over space and time. Very little research in Indian situation 
has so far come to the notice that attempts to make species level classification of mangroves with use of 
hyperspectral data. Further, change detection study on the nature and distribution of saline blanks and 
pattern recognition of the economically important mangrove species that surrounds these vital eco-
significant spots for restoration/rehabilitation purpose and economic use is hardly reported from national 
and international fora.The main objective of this research is therefore, to develop a new model for saline 
blank detection with help of image processing of hyperspectral data. Interestingly, the use of hyperspectral 
image classification algorithm for discrimination of saline blanks is a unique attempt in India and is a 
hitherto unexplored field of research for Indian mangroves in general. 

Theoretical Background 

Spectral Properties of Saline Soil 

It is observed that the soil forming saline blanks are present in encrustations, hence the reflectance of soil 
surface is very high in the visible and NIR region of the electromagnetic spectrum10. It is also observed 
that characteristics of soil surface such as colour and surface type are good indicators to identify soil 
salinity 11,12.Studies suggest that salts present in saline blanks are mostly halite, hydrated chloride, sulfate, 
sufide and some organic matter 13. In these soils, halites such as hydrated sodium chloride (NaCl) are 
present in the form of (Na+) and (Cl-) ions. The (Na+) sodium ion is the most important component that 
makes the soil saline in nature. Sea sides have a presence of sulfates such as Magnesium Sulfate (MgSO4) 



and Calcium Sulfate (CaSO4) that are present in the form of Calcium (Ca2+) and Magnesium (Mg2+) ions 
which makes the soil more saline. As the Calcium and Magnesium ions have higher clay binding 
capability the saline soils become clayey or hydrated in nature that makes the soil very harmful for plant 
growth. Conventional methods of soil sample analysis have been practiced till date to detect salinity of 
soils.  In recent times, hyperspectral remote sensing has proved to be a very useful tool to predict soil 
salinity 13 ,14 ,15. Using this technology, it is possible to analyse spectral information of highly saline soils in 
detail. Recent studies have used multispectral sensors such as Landsat Thematic Mapper (TM), Landsat 
Multispectral Scanner System (MSS), Landsat Enhanced Thematic Mapper Plus (ETM+), SPOT, 
Advanced Space borne Thermal Emission and Reflection Radiometer (Terra-ASTER), Linear imaging 
self-scanning sensor (LISS-III) and IKONOS to analyze soil salinity in saline blanks 16,17. However, owing 
to lack of spectral details the multispectral sensors did not give accurate detection results. 

The main objective of this study is to use hyperspectral data to develop an algorithm for automatic 
detection of saline blanks that exist within pure and mixed patches of mangrove cover. 

 Study Area 

As a case study, the pristine mangrove habitats of the famous Sunderban Biosphere Reserve of West 
Bengal are selected for this study. The study will be focused on the Henry island of Sunderban, West 
Bengal (Figure 1) The Henry Island, around 10 sq. km. in area, extends between 88°12' E and 88°26' E 
Longitude and 21°35' N and 21°40' N Latitude and covers topographic sheet No. 79C/2.The selection of 
the study area is based on the fact that the island provides the ideal locale of saline blank existence 
surrounded by dwindling set of mangrove species majority of which are ecologically rare, endangered and 
endemic mangrove species. 

 
Figure 1. Location of Study Area 

Methodology 

Acquisition of data 

The present research has used Hyperspectral data acquired on 27th May, 2011 by Hyperion sensor on- 
board the Earth Observatory-1 (EO-1) satellite. The hyperspectral image has a spatial resolution of 30m 
and a wide spectral range from 355nm to 2577nm with a narrow bandwidth of 10 nm. 
 
Pre-processing of Data 
Fast Line -of-Sight Atmospheric Analysis of Spectral Hypercubes (FLAASH) model in ENVI software 
have been used for atmospheric correction to convert the radiance values in the image to its reflectance 



values. FLAASH is an atmospheric correction tool that has to be added separately to ENVI software and 
corrects wavelengths in the visible through near- infrared and shortwave infrared regions, up to 3 μm. 
Unlike many other atmospheric correction programs that interpolate radiation transfer properties from a 
pre-calculated database of modeling results, FLAASH incorporates the MODTRAN4 radiation transfer 
code. Water vapor and aerosol retrieval are only possible when the image contains bands in appropriate 
wavelength positions.  

Ground Survey 
 
Ground survey of the study area was conducted to identify and collect samples of saline blanks whose 
image-based classification has been carried out. GPS (Global Positioning System) has been used to 
precisely locate the geographical coordinates of the study area. As most of the saline blank areas exceed 
900 sq.m.(the spatial resolution of Hyperion pixels), sampling was done in open saline blank areas and no 
subpixel level measurements were made. The total area covered by saline blank patches under study is 
0.258 sq. km. The area occupied by saline soil was measured and the ground survey areas are used as 
reference points for accuracy assessment of image derived findings (Table 3). Figure 2 displays the 
spectral profile of a saline blank pixel plotted in Latitude: 21o 34’ 23.44’’ and Longitude: 88 o 17’ 50.97’’. 
Soil samples have been collected from the saline blank areas and analyzed for salinity. These samples 
show high to very high values of salinity which are shown in Table 1. The application of saline blank 
index on the hyperspectral image of the study area also identifies those pixels that represent saline 
blanks.Literature on Sunderban saline soils (estuarine conditions) indicates the presence of minerals such 
as halite (sodium chloride), sulfate (calcium sulfate) or Gypsum, Magnesium Sulfate and other Sulfides.  

Derivative Analysis 

Derivative analysis has shown potential in spectral analysis of remotely sensed data. Derivative spectra 
give emphasis to small details in the spectra and minimize atmospheric effects in the image data. They are 
appropriate in extracting spectral features related with specific characteristics for target objects, saline 
blank soils, in this case. In case of first derivatives, if reflectance values of two adjoining bands do not 
vary much, then the information in each band can be characterized with only one band. The second 
derivative identifies bands that may be represented by a linear combination of contiguous bands.The 
higher the derivative value, indicating higher deviation, the more is the information of the band. The 
second derivative and derivatives of higher order are more insensitive to variations in illumination. 
Though researchers have used higher order derivatives in several studies, the use of second order 
derivatives are more common. This study thus uses second derivative values for identifying the presence 
of minerals in saline soils by determining absorption band positions specific to minerals. The derivatives 
show a negative value at absorption band positions when they are calculated for the reflectance values of 
the spectra. Though first derivative values have been calculated and displayed, they have not been used for 
data analysis in this study.In this paper derivatives have been estimated by using suitable difference 
schemes and a fixed wavelength interval ∆w, between successive hyperspectral bands. The first derivative 
has been estimated as: 

 dx/dw=[x(wi) - x(wi-1)]/∆w                       (1)       
 

Where ∆w is the wavelength interval between bands, and x(wi) is the reflectance at ith band whose 
derivative is being evaluated. 



The 2nd derivative used for analysis is derived from the 1st derivative as follows: 
 

d2x/dw2=[x(wi) -2x(wi-1)+ x(wi+1)]/∆w2        (2)      
 

The derivative values have been used to determine the band positions having peak reflectance values, low 
absorption values in the reference spectra of saline blanks. These wavelength bands are sensitive to the 
presence of specific minerals and signify their presence in the saline soil. 
 
 Proposed Model for Saline Blank Detection 
 
Saline blank formation is a deterrent for the growth of mangrove community and it isextremely necessary 
to properly identify and delineate them for management of the mangrove ecosystem. There are several 
salinity indices existing in literature such as Normalized Differential Salinity Index, Salinity Index etc. 
that have been used for identifying saline soil pixels from remotely sensed hyperspectral data. However, it 
is not possible to identify and classify different types of saline soils in an area using these indices. Though 
saline blank identification has been done through physical survey, it has not been attempted through 
interpretation of remotely sensed data. As saline blanks exist within dense mangrove forests, it becomes 
extremely difficult to conduct extensive field studies for physical sampling. Thus, it was felt necessary to 
develop a new index that will exclusively be used for saline blank detection.As the prime objective is to 
identify saline blank areas of Henry Island, the bands that are sensitive to the presence of minerals 
comprising saline blanks have been identified. The spectral profile of saline blank extracted from ground 
survey has been considered as the reference spectra. 2nd Derivative has been calculated from the saline 
blank soil spectra and has been analyzed to identify the saline soil sensitive bands.It has been observed 
that pixels of beach soil and agriculture soil have brighter pixel values and the others have lower values 
due to the presence of clay and water. Thus, the Brightness Index has been initially applied on the image 
and pixels with index values of 0.5 and above are removed. This removes the beach and agricultural soils 
from the study area. The following Brightness Index has been applied: 
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        (3) 
The new index is then applied on the masked out image where all pixels with index values above 0.1 have 
been identified as pixels of saline blank area.The newly developed Saline Blank Detection Index (SBDI) 
model in its general form is as follows: 
 

Saline blank detection Index= )/()( redswirredswir BBBB ��  
    (4) 

After application of selected bands the new index is: 
Saline blank detection Index = )/()( 69017806901780 BBBB ��                               (5) 

The basis of selection of the above wavelength bands from 2nd derivative results has been mentioned in 
detail in the 'Result and Analysis' part of this paper. 

 
Result and Analysis 

As the prime objective is to identify saline blank areas of Henry Island, the bands that are sensitive to the 
presence of minerals comprising saline blanks have been identified. The spectral profile of saline blank 
extracted from ground survey has been considered as the reference spectra. The absorption and 
reflectance characteristics in the spectral profile of saline blank (Figure 2) indicate the presence of 
minerals present in saline blank soils. It is observed that there is high reflectance at wavelength 800nm; 



hydrate absorption feature at wavelength 980 and 1150 nm and water absorption feature at wavelength 
1450 and 1950 nm. These characteristics indicate the presence of Sodium Chloride, Sulfate and Sulfide. 
The spectra also shows a hydroxyl absorption feature at wavelength 2200 nm, water absorption feature at 
wavelength 1450 and 1950 nm that indicates the presence of Gypsum as well as calcium sulfate. 
According to the JPL spectra of Gypsum (CaSO4), there is absorption at wavelengths 1200 nm, 1440 nm, 
1740 nm and 1940 nm that closely resemble the spectral features of saline soil spectra extracted from 
ground survey (Figure 2). This observation helps to confirm the presence of Gypsum in the extracted soil 
spectra. Deep absorption around the wavelength 2000 nm indicates the presence of clay, a physical 
property of the soil. Reports of physical analysis of saline soil samples from this area also indicate 
presence of these minerals. Due to estuarine conditions prevailing in our study area the soil is mostly 
clayey in nature. Figure 3 displays the spectral profiles of saline soil extracted from pisciculture area, 
agriculture area and beach area.  

 

 

Figure 2. Spectral Profile of Saline Blank Pixel with wavelengths of interest 

 

 

 

Figure 3.  Spectral Profile of Saline Soil Pixels 

Salinity of soils is maximum in the season of May, that is, the pre-monsoon period, the time when image 
was captured. Thus the saline pixels identified in the image have the highest salinity values of the year. 
Field samples have been collected and analyzed for salinity in different seasons of the year that indicate 
that salinity values are lowest in the months of July, August and September, the monsoon seasons, and 
gradually increase in November through April and maximum in the months of May-June(Table 1).17 
samples of saline blank soil, 10 samples of pisciculture soil, 10 samples of saline soil from agriculture 
area, 10 samples of soil from beach area and 10 samples from deep mangrove forest area have been 

1 690nm 
wavelength 

2 1104nm 
wavelength 

3 1780nm 
wavelength 

1 Saline Blank 
Soil 

2 Beach Soil 

3 Agricultural 
Soil 

4 Piscicultural 
Soil 



collected in different seasons of the year and analyzed for Salinity. The average values of each soil type 
are presented in Table 1.    

Table 1: Average Salinity Results for Sampling Locations of Soil Types in Henry Island 

Month-wise 
Observation 

Mangrove Forest Saline Blank 

 

Agriculture Pisciculture Beach 

May 22 24 12 17 29 

July 18 19 8 13 25 

November 19 22 9 14 26 

February 18.5 17 8.4 13.3 25.6 

 

Selection of Sensitive Bands through Derivative Analysis  
 
This is a novel approach for automatic detection of saline blanks and is expected to identify the saline 
blanks from the hyperspectral image of the study area specifically. Literature survey indicates that the 
features of minerals present in saline soils are best expressed in the Short Wave Infra Red (SWIR) bands. 
The 2nd derivative values of saline blank spectra has been calculated and displayed in Table 2. In the 
SWIR region, at 1780 nm, the second derivative results show the highest negative value indicating 
maximum absorption in the region (Table 2). This band also signifies hydroxyl related absorption 
features that are indicative of salinity in soil spectra. The spectral profiles of different saline soil 
endmembers in the present study area also indicate variations in reflectance values in the red range of the 
bands. After derivative analysis of bands in the red region, it is observed that wavelength at 690 nm 
shows the highest positive value indicating maximum reflectance (Table 2).Thus this wavelength has 
also been selected for index development. For index development we have considered the band with 
maximum absorption in the SWIR region and that with maximum reflectance in the red region.Figure 4a 
and 4b displays the 1st and 2nd derivative results of the hyperspectral bands at an interval of 10 nm. In 
addition to the wavelength at 1780 nm, it is also observed that the derivative value at 1104 nm 
wavelength in the Near Infra Red region shows high reflectance and hence has been considered for 
calculation of Brightness Index. The wavelengths 1780 nm and 690 nm has been highlighted and marked 
on the graph of Figure 2. The results of application of Brightness Index on the image displaying those 
pixels (in red) that have been retained after masking out pixels with index values of 0.5 and above is 
shown in Figure 5.The new Saline Blank Detection index is then applied on the masked out image which 
identifies saline blank pixels as those pixels with index values above 0.1(Figure 6). The wavelengths 
considered for index development has been marked in Figure 2. Figure 6 displays the saline blank areas 
(in cyan) extracted after application of new index.  



 

Figure 4a. 1st derivative of Saline Blank Spectra at ∆w=10 nm 

 

Figure 4b.  2nd derivative of Saline Blank Spectra at ∆w=10 nm. 

Land cover Latitude Longitude NDSI SI BI SBDI 

 

 

 

 

 

 

 

 

Saline Blank 

 

210  34'  24.98" 88 0 17' 53.13" -0.2322 0.6262 0.4555 0.1761 

210  34'  26.12" 88 0 17' 52.36" -0.2814 0.5610 0.4638 0.1924 

210 34' 22.63" 88 0 17' 52.06" -0.2614 0.5892 0.4648 0.1855 

210  34' 27.25" 88 0 17' 53.84" -0.2733 0.5702 0.4219 0.1575 

210  34'  25.55" 88 0 17' 52.26" -0.2513 0.5992 0.4688 0.1744 

210  34'  27.57" 88 0 17' 53.76" -0.2733 0.5702 0.4219 0.1575 

210  34'  26.91" 88 0 17' 55.14" -0.3158 0.5164 0.4548 0.1936 

210  34'  28.23" 88 0 17' 53.16" -0.3741 0.4501 0.4925 0.2083 

210  34''  28.64" 88 0 17' 53.16" -0.3741 0.4501 0.4925 0.2083 

210  34'  22.55" 88 0 17' 51.89" -0.2614 0.5892 0.4648 01855 

210  34'  20.27" 88 0 17' 42.13" -0.3293 0.4960 0.4824 0.2117 

210  34''  21.00" 88 0 17' 42.40" -0.2434 0.6050 0.4090 0.1645 

210  34'  22.94" 88 0 17' 43.37" -0.3140 0.5155 0.4338 0.2466 

210  34''  23.83" 88 0 17' 43.90" -0.2503 0.5975 0.4170 0.1792 

210  34'  24.71" 88 0 17' 35.22" -0.4047 0.4101 0.4851 0.2082 



Table 2: Identification of various minerals using Derivative Analysis 

 Wavelength 

 

 

 

 

1st Derivative 
 

 

 

2nd Derivative 

 

 

Identification  of Minerals 

0.6914 

 

2.6496 

 

1.7555 

 

Presence of saline soil 

0.7931 

 

0.7827 

 

0.2452 

 

 

Presence of saline soil 

0.8033 3.2352 -0.9637 

0.8135 -6.4015 0.5 

1.0133 

 

3.7021 

 

-0.4053 

 

Hydrate absorption feature 

1.1042 

 

-18.8769 

 

6.478 

 

Presence of saline soil 

1.2051 

 

5.5031 

 

-0.2273 

 

Presence  of  Gypsum 

1.2959 

 

-4.5639 

 

0.5081 

 

 

Presence of saline 
soil 

1.306 

 

0.5175 

 

-0.1688 

 

1.3161 

 

-1.17 

 

0.7992 

 

1.4875 13.2774 -1.1061 Water absorption 

1.7801 10.9967 -9.0649 
Hydrate absorption 

feature 



 

 

 

 

 

 

 

 

 

 

Table 3: Index Values at Saline Soil Locations of the Study Area 

 

   

1.7902 

 

-79.6527 

 

12.1396 

 

Presence of Saline 
soil 

1.9718 41.7432 -5.044 Water absorption 

2.0021 41.136 5.2419 Presence Of clay 

2.2139 
 

5.5559 
 

-0.8875 
 

Hydroxyl Absorption 
as well as clay 

absorption 

2.224 

 

-3.3192 

 

-0.703 

 

Hydroxyl Absorption 

as well as clay 
absorption 

 

Saline Blank 

 

210  34'  
25.35" 

88 0 17' 
36.36" 

-0.3445 0.4810 0.4672 0.1
874 

210  34' 

22.95" 
88 0 17' 
42.24" 

-0.3299 0.4937 0.4097 0.2
549 

210  34'  
46.46" 

88 0 17' 
40.19" 

0.1946 0.6683 0.4143 0.0
800 

210  34'  
56.91" 

88 0 17' 34.38" -0.2438 0.6058 0.4277 0.0
351 

210  34'  
55.78" 

88 0 17' 
33.15" 

-0.2202 0.6347 0.4680 0.0
832 

210  34'  
32.28" 

88 0 17' 
33.55" 

-0.1427 0.7583 0.4575 0.1
063 

21034'  
30.60" 

88 0 17' 
31.10" 

-0.1668 0.7176 0.4709 0.1
116 

21034'  
52.34" 

88 0 17' 
26.43" 

-0.1967 0.6657 0.4391 0.0
624 

 

 

21034'  
59.76" 

88 0 16' 
30.25" 

-0.2677 0.5950 0.9040 0 

21034' 47.18" 88 0 16' 49.61" -0.2478 0.6160 0.7782 0 



 

 

 

 

 

 

Figure5:Soil retained (red pixels) after masking out 0.5 and above brightness index values 

 

Figure 6:Saline Soil (Cyan) after Saline Blank Index Application 

Comparative Analysis of Saline Blank Index with Existing Salinity Indices 

There are some conventional salinity indices to measure soil salinity from hyperspectral image data such 
as Normalized Differential Salinity Index (NDSI) and Salinity Index (SI). These indices are calculated 
considering the soil salinity sensitive bands i.e. the Red and Near Infra Red bands of hyperspectral data. 
The indices are calculated as follows: 

Normalized Differential Salinity Index (NDSI) =   (RED - NIR) / (RED+ NIR)                            (5) 

Salinity Index (SI) = (RED / NIR)                                    (6) 

The Saline Blank Detection Index is similar to NDSI except that the NIR band has been replaced by 
SWIR band. The reason behind this is, saline blank soils show more variation in the SWIR region and 
prominently displays the salinity sensitive absorption bands in this region. The Red region also shows 
significant variations because of which it has been considered for index development. 

Agriculture 

 

21034'  
12.61" 

88 0 16' 
51.40" 

-0.0066 0.9794 0.8857 0 

210  34'  
20.37" 

88 0 16' 
45.99" 

0.1033 1.2189 0.9640 0 

Beach 21035'  
16.01" 

88 0 17' 
56.45" 

-0.2284 0.6528 0.9136 0 



The spectral profile of saline blank extracted from ground survey has been considered as the reference 
spectra (Figure 2). The mineral characteristic features have been compared with the standard spectral 
profiles of minerals stored in the Jet Propulsion Laboratory (JPL) at USGS and identified accordingly. 

 

The conventional Salinity Indices have been applied on the hyperspectral image data of our study area. 
The Index values of Saline Blank soil, Pisciculture soil and soil of dense mangrove forests have been 
estimated and analyzed. The results have been compared with the output of the proposed saline blank 
detection index (SBDI), which shows that SBDI gives more accurate results for saline blank areas as 
compared to other indices (Table 3).The results of Table 3 indicate that the index values of NDSI are 
mostly negative.  It is observed that SI values of saline blanks are in the 0.6-0.7 range whereas that of 
pisciculture shows higher index values although they have lower salinity than saline blanks. As our 
objective is to identify saline blank areas with very high salinity, they could be accurately detected with 
the new index. The application of the new index extracts Saline Blank pixels specifically that is observed 
to have index values above 0.1. The saline soil pixels from dense mangrove forests have lower SBDI 
index values than Saline Blank pixels indicating lesser salinity and the pisciculture soil shows lower 
SBDI values than soil pixels from dense mangrove forests. Thus SBDI gives a more accurate output as 
compared with SI. 
 

                                                               

Figure 7. Saline Areas Identified with NDSI                      Figure 8. Saline Areas Identified with SI 

Figure7 and Figure8 indicate the identified areas of saline soil after application of NDSI, SI and SBDI on 
the hyperspectral image of the study area. For justifying the accuracy of the new index, its values have 
been compared with the existing indices (Table 4).Overall accuracy is the ratio of total number of 
correctly classified pixels to total number of pixels in the image. When SI and NDSI have been applied, 
they have identified all saline soils in the study area apart from saline blank pixels. It is observed that 
Saline Blank Detection Index successfully identifies only saline blank pixels in the study area which is 
our objective, whereas the indices identify all types of saline soils.Thus, in this case, the total number of 
pixels misclassified as saline blank pixels is very high, and leads to very low accuracy value for SI and 
NDSI when compared with SBDI. Saline blanks occupy a very small percentage of the total saline soil 
pixel area of the island, so the number of misclassified pixels is also very high leading to 1.49% accuracy 
for SI and 0.73% accuracy for NDSI. The new index has identified saline blank pixels with an accuracy of 
73.92%. The salinity of pixels representing different types of saline soils have also been physically tested 
and analyzed and then compared with SBDIvalues for assessment of accuracy (Table 3). 
 
 
 
 



Table 4: Overall Accuracy of Salinity Indices 
Index Classified 

Pixels 
Unclassified Pixels Overall Accuracy 

Salinity Index 620/41402 40782/41402    1.49% 

Normalized 
Differential Salinity 
Index 

304/41402 41098/41402    0.73% 

Saline Blank 
Detection  
Index 

30606/41402 10796/41402    73.92% 

The salinity of pixels representing different types of saline soils have also been physically tested and 
analyzed and then compared with new index values for assessment of accuracy.It may be concluded after 
ground validation that Saline Blank Detection Index detects saline blanks most accurately as compared to 
the other indices. 

Conclusion 
 
This study has developed an index on hyperspectral image data for automatic detection of Saline Blanks 
amidst dense mangrove forests of the Sunderban Biosphere Reserve in West Bengal, India. The authors 
have successfully detected the hyperspectral bands that indicate the presence of minerals present in saline 
blanks areas. The new developed index has been compared with the existing salinity indices and it is 
found that the new index performs better than the existing salinity indices-NDSI and SI and accurately 
detects the Saline Blank areas of Henry Island of the Sunderbans Delta. 

PART B: Change Detection of Tropical Mangrove Ecosystem with Subpixel Classification of Time 
Series Hyperspectral Imagery 

Summary 
 

This research attempts to apply hyperspectral imagery to identify saline blank patterns within mixed 
mangrove forest of the Sunderban Bio-geographic Province of West Bengal, India. Identification of 
patterns of changing mangrove species around saline blanks on hyperspectral image has also been 
attempted. This study applies hyperspectral data to obtain the fractional abundance of pure and 
mixed mangrove species at sub pixel level. The fractional abundance values of each species for each 
pixel area (900 sq.m) of Hyperion data represents its extent of occurrence within the area andhas 
been derived from Fully Constrained Linear Spectral Unmixing (FCLSU)based on Least Square 
Error optimisation criteria. The image extracted results has been verified through field visits. The 
algorithm is applied on time series hyperspectral image data of 2011 and 2014 to identify pure end 
members (mangrove species) with NFINDR in the densely forested study area and derive its 
fractional abundance values using sub pixel classification algorithm. FCLSU has been applied to 
obtain mangrove species abundance distribution maps for two years. The increase or decrease in 
extent of abundance of mangrove species in certain regions of the study area in year 2011 and 2014 
has been analysed. The saline blank endmembers and mangrove species endmembers have been 
identified on both the hyperspectral images acquired in 2011 and 2014.The estimates in location 
21o34’ 24.81”N and 88o 17’ 36.89”E shows an almost pure saline blank patch with presence of 
Phoenix paludosa, Avicennia alba and Ceriops decandra showing 9.87%, 12.67% and 2.99% 
abundance with saline blanks having 74.47% presence in year 2011. The same location shows an 
increase in abundance of Saline Blank and Ceriops decandra but a decrease in abundance of Phoenix 
paludosa and Avicennia alba in 2014.From the results it is observed that, over the years, as saline 



blanks become more abundant in the island, the presence of mangrove species that are salt tolerant 
increases but the abundance of salt intolerant ones decrease. Ceriops decandra are salt tolerant 
mangrove species that show an increase in abundance with increase in saline blanks. Phoenix 
paludosa which is salt intolerant shows a decrease in abundance with increase in saline blank areas. 
It is found that mangrove species namely, Excoecaria agallocha and Ceriops decandra are prevalent 
around the saline blank areas. Others like Avicennia marina and Avicennia alba also exist in certain 
locations of saline blanks. 

1. Introduction 
 

This study attempts to apply hyperspectral imagery to identify the changing pattern of saline 
blank and mixed mangrove forest with time series data. In this study,remote sensing can be 
used as an effective tool for research and management of tropical mangrove forests of large 
areal extent, and identification of the saline blanks that remain interspersed within it.It is a 
common observation that within deep mangrove forests, certain open patches exist that 
remains non-vegetated in terms of tree or shrub or mangrove cover but marked by presence of 
grasses and other saline aquatic species [1].These are known as saline blanks.These are 
formed as a result of geological action by coastal processes that operate at the mouth of pro-
grading delta by way of continuous sedimentation process. With gradual rise in salinity, these 
saline rich areas become inadaptable and gradually get devoid of mangrove cover. As a result 
of differential accumulation of sediments (brought down by rivers from terrestrial sources and 
further reworking by tidal influences), there occurs differential settling, compaction and 
subsidence at some parts and swelling at the other (leading to formation of saline blanks). If 
the sediment deposition continues, these saline blanks get further elevated into slightly 
elevated areas with development of more such saline blanks in the adjoining areas. Finally, 
with less flushing, the saline blanks assume the marginal nature of “beyond-inter-tidal zone”.  
 
It is observed that prevalence of mangroves with high pneumatophore density and better stilt 
root system further facilitates aggravation of saline blank formation, as stilt root system act as 
excellent sediment trappers and helps in entrapping of sediments within the root encased 
network spaces [2]. Saline blanks may be also caused by up-swelling of tidal flats by tectonic 
causes, as observed in case of Digha-Contai region of southern Bengal. 
 
The existence of saline blanks has got tremendous implications and significance for growth 
and distribution of mangrove ecosystem and its impacts vary from one species to the other. 
For example, saline blanks represent disturbed state of ecological equilibrium for certain 
climax mangrove species such as Sundari (Heritierrafomes), Dhundul (Xylocarpusgranatum) 
and Possur (Xylocarpusmecongensis) which have great economic importance in terms of 
timber value. For these species, saline blanks create a strong negative impact and deters their 
growth and proliferation [3][4]. 
 
On the contrary, presence of saline blanks is good for certain other groups of mangroves like 
Avicennia marina and Avicennia alba which have excellent stilt root system and high 
pneumatophore density (therefore can trap more sediments in erosion prone areas) and prefer 
more saline environment (salt marsh / saline blanks) for their survival. But A. marina and A. 
alba represent adverse habitat in terms of quality timber production, and severely affects the 
prey success of tigers [5] [6]. 

 



The Sunderban mangroves represent one of the most threatened and vulnerable ecosystems 
that has experienced a traumatic decline in areal extent and species diversity over the last few 
decades .This has made it necessary to require a comprehensive species level classification 
and mapping of mangroves that would aid to give the impression of the degree of harm to this 
floral community. Interestingly, the use of hyperspectral image classification algorithm for 
discrimination of saline blanks and associated mangrove speciespattern with time series data 
is a unique attempt in India and is a hitherto unexplored field of research for Indian 
mangroves in general.Further, change detection study on the nature and distribution of saline 
blanks and pattern recognition of the economically important mangrove species that 
surrounds these vital eco-significant spots for restoration/rehabilitation purpose and economic 
use is hardly reported from national and international flora. 

Hyperspectral data have high spectral resolution of 10nm bandwidth which allows accurate 
classification of mangroves at species level. The more recent satellite data, namely the 
Hyperspectral data procured by sensors like Hyperion and combined with sub pixel 
classification algorithms, are expected to demonstrate the potential for reliable and detailed 
characterization of mangrove forests including species, leaf area, canopy height, and standing 
biomass.The large number of narrow spectral bands of Hyperspectral data may be helpful in 
detailed level mapping such as mangrove species identification, assessment of plant stress, 
and more. The results so far achieved indicate great potentialities for HSRS in future years. 
However, lack of proper Hyperspectral Image Processing tools and techniques pose an 
impediment to high-end Hyperspectral research. Hyperspectral images captured from ‘air-
borne sensors’ are relatively expensive, but features wide array of beneficial applications as 
well. With launching of more numbers of Space-borne Satellite Hyperspectral Sensors, the 
disadvantage of extra cost would be lowered. The large number of narrow spectral bands in 
Hyperspectral imagery also leads to computation-intensive image processing steps and 
strongly correlated data. The spectral bands that contain information depicting maximum 
spectral differences amongst mangroves species are considered most suitable for mangrove 
discrimination and mapping. 
 
In this study, spectral signatures of mangrove species endmembers have been automatically 
extracted using NFINDR algorithm and considered as input for spectral unmixing of saline 
blank and mangrove endmembers. The fractional abundance estimates of spectral unmixing is 
applied on time series hyperspectral data of the study area indicate that, over the years, as 
saline blanks become more abundant in the region, the presence of mangrove species (even 
the salt tolerant ones) gets reduced. However, in areas where the mangrove species still 
dominate and saline blanks are in its formative stage, there is still a possibility of re-growth of 
the saline prone mangrove species. 

A study has been made for detection of changes in the distribution of mangroves within 
Moreton Bay, southeast Queensland, Australia [7]. They have used two methods for 
assessment, such as spatial and temporal pattern analysis method and change detection 
analysis methods. In the first method pattern metrics analysis provided the detail information 
about mangrove pattern changes in this region and change detection analysis gave more detail 
information about spatially explicit changes of mangrove pattern. Lastly It was concluded 



from this study that amount of mangroves are reduced day by day  due to the effect of 
increasing urban development, agriculture and aquaculture. More overit was also realized that 
the landward mangroves are sustained and seaward mangroves are mainly destroyed for the 
increasing salinity level.  Another author studied that the mangrove forests change according 
to their dynamics [8]. These changes were estimated by using multi temporal satellite data. It 
was also realized that these change has been influenced mainly by anthropogenic forces. The 
forest was undergoing constant change due to erosion, forest degradation and deforestation.  
Correlation of NDVI data with canopy closure has been used for detecting change in this 
study. This remote sensing technology is proved to be fruitful for this study. According to the 
result of this study, it is concluded anthropogenic forces should be reduced to sustain the 
mangrove dynamics. In [9], the authors highlighted on the land use and land cover changes, 
especially in mangrove forest area, shrimp farms, urban areas and agricultural land. They 
have used NDVI composite image, as remote sensing tool to detect the change in the land 
cover.It was concluded that this technique was very useful for detecting the extent of 
mangrove forest and other land. In another study, authors have observed the change pattern of 
mangroves with the change of rainfall [10]. They have observed changing  pattern of 
mangroves over the period of 32 years  including wetter period and drier period  ,using 
remote sensing technology. From this study a strong relationship has been established 
between rainfall variables and landward mangroves expansion. So remote sensing technology 
is very efficient for this study. In [11], change detection has been done using multi-temporal 
comparison of data proved useful for mapping deforestation/regeneration and mangrove 
dynamics associated with changing patterns of sedimentation process.  In this study ALOS 
PALSAR data and L-band SAR images has been used for mangrove forest detection .So these 
type of satellite imagery was proved to be useful for the detection of pattern changes of 
mangrove forestry. In [12]   object based method has been used for mangrove mapping. This 
method was tested on satellite imagery, SPOT XS data. It identified the pattern change of 
mangrove species between the year 1986 and 2000. This also identified the growing pattern 
of mangroves with the change of rainfall. So in this study this technology gave the best result 
to identify the change of mangrove patterns. 

2. Study Area 

The untouched mangrove habitats of the famous Sunderban Delta of West Bengal are selected 
for this study. This research will be focussed on the Henry island of Sunderbans, West Bengal 
“Fig. 1”. The total area of Sunderbans is around 10110 sq. km. that spreads over the two 
neighbouring countries of India (West Bengal) and Bangladesh. Out of this, the Indian 
portion of Sunderbans covers 4110 sq. km., while the rest forest patch lies in Bangladesh part. 
 
The present research is focused in the remotely located Henry island of the Sunderban 
Biosphere Reserve in the state of West Bengal, India. Henry represents the westernmost 
fringe of Indian Sunderban. It is one of the 102 odd islands of Indian Sunderbans that are 
facing the brunt of coastal hazards. The area marks the southernmost tip of the Ganga 
(Hooghly) deltaic system, which is reportedly the largest delta in the world.   
 
Named after a British surveyor, the Henry island is typically criss-crossed by numerous 



coastal streams and rivulets, and offers a paradigm mix of mangrove forests interlaced with 
saline blanks and beach fronts. The area of the island is only 10 sq. km. and falls within the 
administrative jurisdiction of South 24-Parganas district of West Bengal. The historic 
Dumpier Hodges line (the imaginary line that marks the northernmost jurisdiction of 
Sunderban) passes well above the northern edge of the Henry island. Literature survey reveals 
that the Henry was once within the core Sunderban forest area. With increasing human 
aggression and consequent pollution, there has been a fast recession of mangrove forests from 
this area. Yet, the area still supports a rich bio-diversity, including luxuriant growth of 
mangrove vegetation. The mangrove habitat of Henry island extends from 21°36´00´´N to 
21°34´00´´N latitude and 86°16´30´´E to 88°18´30´´E longitude (Fig.2).  
 

 

Fig. 1: A Glimpse of a Typical Mangrove Habitat at Henry island, Sunderban, India 
 

3. Methodology 
3.1 Acquisition of data 

 
The present research has used Hyperspectral data acquired on 27th May, 2011 and 24th November 
2014 by Hyperion satellite sensor on- board the Earth Observatory-1 (EO-1) satellite (Fig. 2). The 
acquired image has a spatial resolution of 30m and a wide spectral range from 355nm to 2577nm 
with a narrow bandwidth of 10 nm. The acquired hyperspectral image strips of 2011 and 2014 are 
shown in Fig. 3(a) and 3(b). 

 

 

Fig.2: Hyperspectral Image of Henry Island located in Sunderban (Courtesy: United States Geological Survey) 



                                               
(a)                                                                        (b) 

Fig. 3(a): Hyperion Image Strip of Sunderban of 2011; Fig. 3(b): Hyperion Image Strip of Sunderban of 
2014 
 

3.2. Ground Survey 
 

The study area offers an ideal locale for application of Hyperspectral remote sensing for mapping 
and monitoring of a wide range of mangrove species of pure and mixed patches [2][ 6]The 
ecological fragility of the Sunderban rainforest is clearly reflected by the dwindling density and 
diversity of the mangroves of Henry island. The fragile nature of the mangrove ecosystem could 
be successfully interpreted through study of different endmembers (mangrove species) that cast a 
profound influence on the integrated whole. 

The mangroves of Henry island of Sunderban (the study area) are dominated by Excoecaria 
agallocha, Ceriops decandra ,Avicennia marina and Avicennia alba which constitute about 70% 
of the mangrove species in the Indian Sunderbans. Out of the 94 species of mangroves reported 
from the total Sunderban, only 7 pure (homogeneous) patches of species have been traced in this 
island. The habitats of a wide range of other mangrove species of Sunderban are practically 
inaccessible to man. The mangroves of Henry are clustered in zones with dominance of species 
Avicennia and Excoecariaon the seaward edge. Away from the water line, lie the mixed patches 
of Bruguiera cylindrica, Phoenix paludosa, Ceriops decandra and Excoecaria agallocha. 
Sundari, the climax mangrove species of the Sunderban, is in decline in Henry owing to high 
salinity hazard. Pure patch of Sundari in a 30m x 30m matrix is virtually absent here. Although 
artificial afforestation programmes of Sundari have been taken up by the Forest Department at 
select patches, the efforts are far from satisfactory. The dense mangroves forest of Henry is criss-
crossed by numerous small canals with evidence of wildlife, namely deer, wild pig, crocodile and 
poisonous snakes, posing threats to man. 

Ground survey of the study area was conducted to identify and collect samples of mangrove 
species whose image-based classification has been carried out (Photos 1-18). This was made in 
June, 2011 on immediate acquisition of data. GPS (Global Positioning System of Make: 
GARMIN GPSMAP 78s with high performance marine handheld 3 axis compass and barometric 



altimeter and accuracy of 4m) has been used to precisely locate the geographical coordinates of 
the study trail. Field Quadrat Survey-cum-Sample method was adopted to assess the frequency of 
species dominance. The quadrat size was taken as 30m x 30m, that equals the spatial resolution of 
Hyperion imagery.  Thirty quadrat plots were selected and examined in ‘pure’ and ‘mixed patch’ 
jungles that were henceforth plotted on geometrically corrected Hyperspectral imagery with the 
help of GPS. The individuals of different species present within each quadrat were counted and 
samples taken. The species with more than 50% abundance was considered as ‘dominant’ and the 
corresponding patch represents a ‘pure stand’. The quadrats in which none of the mangrove 
species attain 50% dominance is designated a ‘mixed patch’. These ground survey areas are used 
as reference points for accuracy assessment of image derived findings (Table 3). Ground truthing 
exercise was again repeated in May, 2012 and June, 2013. Some changes in physical abundance 
of individual plants could be noted within this time span. 

 
4. Calculation of Normalized Differential Vegetation Index (NDVI) 

As the main objective of this study is to identify saline blanks and associated mangrove 
species of the study area, we have subsetted and masked the zones such as clouds, 
pisciculture areas and water bodies to concentrate only on saline blank soil and mangrove 
endmembers for further processing. The mangrove forested region has been retained by 
calculating the Normalized Differential Vegetation Index (NDVI) [13]NDVI is based on the 
extreme difference between the spectral response between two bands, red and infra-red. 
Studies have shown that higher ranges of NDVI values indicate the presence of vegetation. 
The lower index range between 0.1-0.2 represents soil. Hence, the higher range of NDVI 
values (0.5-1.0) and the lower range between 0.1-0.2 have been retained and the other areas 
masked out. With this, we have an image comprising of only the forested portionsand soil of 
the study area. 

 
5. Automated Endmember Detection Algorithm for Endmember Extraction 

 
Endmember recognition helps to find out the set of separate spectra that make up the mixed 
pixels. N-FINDR, aims to find the simplex of greatest volume that can be emblazoned within 
the hyperspectral data set using a straightforward non-linear inversion.This study applies 
NFINDR algorithm for automated end member detection of saline soil and mangrove species 
end members. 

N-FINDR attempts to find the simplex of maximum volume that can be inscribed within the 
hyperspectral data set using a simple non-linear inversion. The convex nature of hyperspectral 
data allows this operation to be performed in a quick and relatively straightforward manner. 
An algorithm to determine the end-members can therefore be reduced to finding the pure 
pixels in an image, or by analogy, finding the points in the data that represent the vertices of 
the simplex containing the data. N-FINDR attempts to estimate end-members by finding the 
set of pixels with the largest possible volume by “inflating” a simplex inside the data[14][15]. 

6. Least Square Error based Spectral Unmixing 



We consider the measured spectrum of a pixel in a hyperspectral image that is known to contain a 
single endmember spectra or a combination of spectra of multiple endmembers and may be 
represented as: 

                                                 S=EA+e                                                                               (1) 
 

Where S represents the mixed spectrum, E represents the individual endmember spectra, A the 
percentage of each endmember in each pixel.The objective of the linear unmixing equation is to 
simultaneously calculate all the differenceequations of pure endmembers for allvalues of their 
abundances. We solve to find the minimum value of thesesimultaneous equations that is where the 
abundance values make this output a minimum. 

 
                             S – EA = min                                                                               (2) 

 
The goal is to find the smallest difference which is achieved by least square error equation where 
we create a function that is the square ofthis equation and then solve for the minima. 

 
                               S2 – (E1A1+ E2A2+….)2                                                                                                                           ( 3) 

 
Linear Algebra is used to solve multiple equations with multiple variables in these case, abundances of 
endmembers. The best fit values of abundances are calculated and the percentage of each endmember 
present within a mixed pixel is estimated.  The estimated abundance values are multiplied by their 
respective pure endmember spectra to get the output pixel intensities. When this is repeated for each pixel 
in the image we get fractional abundance images for each endmember thus generating abundance images 
for the entire scene.When the abundance values are estimatedtwo constraints have been forced on this 
model making it fully constrained. These are: (a) Sum of all abundance values is one. (b) Abundance 
values cannot be negative. 

6.1 Root Mean Square Error 

To validate the results obtained using the linear and nonlinear unmixing models, the fractional 
abundances of the end members (mangrove species) identified have been calculated. The absolute 
error in fractional abundance of each end member has been defined as the absolute difference 
between the fraction obtained by the linear unmixing model and that by the actual ground data of a 
particular area. The Root Mean Square Errors (RMSE) has been calculated as follows 

                                N 
RMSE = 1/NR ∑ |fck- fmk |                                                   

                                k=1 

where fck is the actual ground data fraction results and fmk is the linear model result; N is the no. of 
end members and R the number of pixel coordinates whose  RMSE is to be calculated. 

7. RESULTS 
 
Automated endmember extraction algorithm, NFINDR has been applied on the hyperspectral images 
of 2011 and 2014 to extract pure pixels of dominant endmembers present in the study area. NFINDR 
has successfully identified 7 endmembers of mangrove species and 2 endmembers of saline blanks 
from the image scene. The location of extraction of these endmembers and their respective spectral 



profiles for both image scenes are shown in Fig.4 and Fig.6.The endmembers extracted have been 
validated through field visits made in the study area. 

 

Fig. 4:Endmember extracted locations in Image of 2011 

 

Fig. 5:Spectral Profile of dominant mangrove species  of hyperspectral image of 2011 

 

                                                   

Fig. 6:Endmember extracted locations in Image of 2014      Fig.7 :Spectral Profile of dominant mangrove species of  
hyperspectral image of 2014 

The spectral signatures of saline blank and mangrove species endmembers after NFINDR have been 
considered as input for spectral unmixing of our target endmembers. Least Square Error based Fully 
Constrained Linear Spectral Unmixing has been applied to generate fractional abundance values of the 
endmembers within pixels in the hyperspectral image scene. This model helps to correlate the actual 



physical abundance of endmembers with the image derived values on the particular image scene. The 
fractional abundance distribution of salinity prone mangrove species and saline blanks in Henry Island 
along with RMSE values is shown in Table 1 and Table 2. 

 
Table1: Mangrove Species associated with Saline Blank areas (2011) 

 
Species Name Latitude Longitude Abundance (2011) Ground Truth 

Value(2011) 
RMSE 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 24.81” 88o 17’ 36.89” 
0 

0.0299 
0.0987 
0.1267 

0 
0 
0 

0.7447 

0 
0.05 
0.10 
0.15 

0 
0 
0 

0.75 

0.0606 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 21.86” 88o 17’ 38.95” 0 
0.0704 
0.0147 
0.021 
0.0239 

0 
0.0284 
0.8415 

 
 

0 
 

0.05 
0.05 
0.05 
0.05 

0 
0.05 
0.85 

 
 

0.0826 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 24.70” 88o 17’ 50.45” 0 
0.0425 
0.0353 
0.0532 

0 
0 

0.0747 
0.7942 

0 
0.05 
0.05 
0.05 

0 
0 

0.10 
0.80 

0.0598 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 25.69” 88o 17’ 49.41” 0 
0.6437 
0.0642 

0 
0.1851 

0 
0.1032 
.0037 

 

0 
0.65 
0.05 

0 
0.20 

0 
0.10 

0 
 
 
 

0.0494 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 

21o34’ 23.71” 88o 17’ 52.52” 0 
0.0623 

0 
0.05 
0.05 

0.0700 



Avicennia  alba 
Avicennia  marina 

Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

0.0127 
0 

0.0491 
0 

0.0805 
0.7954 

 
 

0 
0.05 

0 
0.10 
0.80 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 21.77” 88o 17’ 51.46” 0 
0.17 

0.0627 
0.0196 
0.0563 

0 
0.085 
0.6064 

 

0 
0.20 
0.05 
0.05 
0.05 

0 
0.10 
0.60 

 

0.0754 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 26.63” 88o 17’ 53.59” 0 
0.0668 
0.0529 
0.0225 
0.0812 
0.0335 

0 
0.7431 

 
 

0 
0.05 
0.05 
0.05 
0.10 
0.05 

0 
0.75 

 

0.0679 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 22.84” 88o 17’ 38.96” 0 
0 
0 
0 
0 
0 
0 
0 
1 

 

0 
0 
0 
0 
0 
0 
0 
0 
1 

 

0 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 23.81” 88o 17’ 40.01” 0.1311 
0 
0 
0 

0.0382 
0.0865 

0 
0.7442 

 
 

0.15 
0 
0 
0 

              0.05 
              0.10 

0 
0.75 

0.0593 

 



Table 2: Mangrove Species associated with Saline Blank areas(2014) 
 

Species Name Latitude Longitude Abundance(2
014) 

 

Ground Truth 
Value(2014) 

RMSE 
Error 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 24.81” 88o 17’ 36.89” 
0.1061 

0 
0.1084 
0.0163 

0 
0 
0 

0.7692 

 
 

0.10 
0 

0.10 
0.05 

0 
0 
0 

               0.75 

0.0668 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 21.86” 88o 17’ 38.95” 0 
0.042 

0 
0 

0.0849 
0.0366 
0.1256 
0.711 

 
 

0 
0.05 

0 
0 

0.10 
0.05 
0.15 
0.70 

0.0614 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 24.70” 88o 17’ 50.45” 0.0946 
0 

0.0656 
0.0143 

0 
0 
0 

0.8255 

0.10 
0 

0.05 
0.05 

0 
0 
0 

0.85 

0.0717 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 25.69” 88o 17’ 49.41” 0.2028 
0.4749 
0.0428 
0.0243 
0.1896 

0 
0 

0.0657 

 
 

0.20 
0.45 
0.05 
0.05 
0.20 

0 
0 

0.05 

0.0677 



Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 23.71” 88o 17’ 52.52” 0.0974 
0 

0.0011 
0.0077 

0 
0 
0 

0.8939 

 
 

0.10 
0 
0 
0 
0 
0 
0 

0.90 

0.0337 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 21.77” 88o 17’ 51.46” 0 
0.0746 

0 
0 

0.0994 
0.0412 

0.146 
0.6388 

 
 

 

0 
0.05 

0 
0 

0.10 
0.05 
0.15 
0.65 

0.0564 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 26.63” 88o 17’ 53.59” 0 
0.0394 

0 
0 

0.1108 
0.047 

0.1361 
0.6668 

 
 

0 
0.05 

0 
0 

0.10 
0.05 
0.15 
0.65 

0.0545 

Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 22.84” 88o 17’ 38.96” 0 
0 
0 
0 
0 
0 
0 
0 
1 

 

0 
0 
0 
0 
0 
0 
0 
0 
1 

 

0 



Excoecaria agallocha 
Ceriops decandra 
Phoenix paludosa 
Avicennia  alba 

Avicennia  marina 
Brugeria cylindrica 
Avicennia officinalis 

Saline Blank 

21o34’ 23.81” 88o 17’ 40.01” 0.0081 
0.0405 
0.1382 
0.0207 

0 
0 
0 

0.7924 

 
 

0 
0.05 
0.15 
0.05 

0 
0 
0 

0.80 

0.0622 

 

Table.1exhibits the fractional abundance distribution of mangrove species and saline blank endmembers 
on visited geographic coordinates during ground survey. The estimates in location 21o34’ 24.81”N  and 
88o 17’ 36.89”E shows an almost pure saline blank patchwith presence of Phoenix Paludosa, Avicennia 
Alba and Ceriops Decandra showing 9.87%,12.67% and 2.99% abundance with saline blanks having 
74.47% presence in year 2011. The same location shows an increase in abundance of Saline Blank and 
Ceriops decandra but a decrease in abundance of Phoenix Paludosa and Avicennia Alba in 2014. 
Similarly, in another geographic location 21o34’ 24.70”N, 88o 17’ 50.45”E of the study area, a pure patch 
of Saline Blankshows 79.43% abundance in 2011 and 82.55% abundance in 2014. The location shows 
anincrease in Ceriops decandrabut decrease inPhoenix Paludosa with abundance estimates of 4.25% 
and 3.53% respectively.Geographic location 21o34’ 23.71”N and 88o 17’ 52.52”E; 21o34’22.74”N and 
88o 17’ 51.47”E of the study area also shows a similar trend. Coordinates 21o34’ 22.84”N and 88o 17’ 
38.96”E show a extremely pure pixel of saline blank with no presence of any mangrove species on it. 

 
From the results it is observed that, over the years, as saline blanks become more abundant in the island, 
the presence of mangrove species that are salt tolerantincreases but the abundance of salt intolerant ones 
decrease. Ceriops decandra are salt tolerant mangrove species that show an increase in abundance with 
increase in saline blanks. Phoenix Paludosa which is salt intolerant shows a decrease in abundance with 
increase in saline blank areas. It is also observed from field visits that, in areas where the mangrove 
species are present in abundance and saline blanks are in its primitive state, there is a possibility of 
regeneration of salttolerant mangrove species.Fig.8(a-i)displays the fractional abundance images of 
individual mangrove and saline blank endmembers generated by least square based linear spectral 
unmixing algorithm. 
 



 

Fig.8(a) : Fractional Abundance Distribution of Excoecaria agallocha 
(Image of 2011 & 2014) 

 

Fig.8 (b): Fractional Abundance Distribution of Ceriops decandra 
 (Image of 2011 & 2014) 



 

Fig.8(c): Fractional Abundance Distribution of Phoenix paludosa 
                                                                   (Image of 2011 & 2014) 

 

Fig.8(d): Fractional Abundance Distribution of Avicennia  alba 
                                                                      (Image of 2011 & 2014) 



 

Fig.8(e): Fractional Abundance Distribution of Avicennia  marina 
 (Image of 2011 & 2014) 

 

Fig.8(f):Fractional Abundance Distribution of Brugeria cylindrica 
 (Image of 2011 & 2014) 

 

Fig.8(g): Fractional Abundance Distribution of Avicennia officinalis 



 (Image of 2011 & 2014) 

 

Fig.8(h): Fractional Abundance Distribution of Saline Blank Endmember1 
(Image of 2011 & 2014) 

 

Fig.8(i): Fractional Abundance Distribution of Saline Blank Endmember2 
 (Image of 2011 & 2014) 

Fig.8 :Mangrove species distribution map obtained after least square error based linear unmixing for the data sets in 
2011 (left) and 2014 (right). 

 
 



  

Fig. 9: Integrated Fractional Abundance Images of 2011 and 2014 
 
The area covered by each dominant mangrove species in the entire study area has been calculated and the 
change in area estimated.Table 3 displays the total pixel area covered by each species in 2011 and 
2014(Fig.9). The number of pixels occupying a particular class has been estimated from the classified 
image and the area calculated by multiplying the spatial resolution (30m x 30m) of the image with the 
number of pixels. 
 

Table 3: Area Covered by Dominant Mangrove Species of Henry Island, Sunderbans 
 

Mangrove Species Area in Year(2011) Area in Year(2014) 
 

Ceriopsdecandra 
 

709*900=6,38,100 880*900=7,92,000 

Phoenix paludosa 
 

671*900=6,03,900 564*900=5,07,600 

Brugeriacylindrica 
 

349*900=3,14,100 258*900=2,32,200 

Avicenniaofficinalis 
 

855*900=7,69,500 473*900=4,25,700 

Saline Blank 60*900=54,000 77*900=69,300 
 

 
It is observed from Table 3 that the total area covered by dominant mangrove species in and around the 
saline blank region has shown certain variations over the years. The area calculated shows that with 
increase in area of saline blanks from 2011 to 2014 there have been a significant increase in salt tolerant 
mangrove species such as Ceriops decandra.  The presence of salt intolerant mangrove species such as 
Phoenix Paludosa and Bruguiera Cylindrica has decreased during the timeline. 

 
8. Conclusion 

 
The study has identified endmember signature spectra of pure mangrove species and saline blanks 
existing in the study area through application of automated endmember extraction algorithm, NFINDR. 
The unique signature spectra of saline soil endmembers and pure mangrove species have been used to 
estimate their fractional abundances using least square error based fully constrained linear spectral 
unmixing model. It is found that mangrove species namely, Excoecaria Agallocha and Ceriops Decandra 
are prevalent around the saline blank areas. Avicennia marina and Avicennia alba also exist in certain 
locations of highly saline soils. It is observed that, over the years, as saline blanks become more abundant 
in the island, the presence of mangrove species that are salt tolerant increases but the abundance of salt 



intolerant ones decrease. There has been a significant increase in salt tolerant mangrove species in the 
study area such as Ceriops decandra, Excoecaria Agallocha, Avicennia Marina and Avicennia Alba 
whereas the presence of salt intolerant mangrove species such as Phoenix Paludosa and Bruguiera 
Cylindrica has decreased during the timeline. 
 
This study will enable creation of a proper land-use map for proper utilization of fallow saline wastelands 
and can be taken up at the right earnest. Adoption of proper preventive, restoration and utilization 
measures to combat saline banks in remotely located Sunderban islands can also be proposed on case-
specific basis which would lead to sustainable management of this pristine mangrove ecosystem. 
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