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Abstract-The study focuses on the mangroves in two districts namely, Mumbai and Mumbai Suburban.  

Mumbai, a coastal megacity, is a financial capital of the country with high population density.  Mumbai is facing 

depletion of coastal resources due to land scarcity and large developmental projects.  Thus, it is important to 

monitor these resources accurately and protect the stakeholders’ interest.  Cloud-free satellite images of IRS P6 

LISS III of 2004 and 2013 were procured from National Remote Sensing Centre (NRSC), Hyderabad.  Two 

bands of visible and one band of NIR were utilized for landcover classification.  Supervised Classification with 

Maximum Likelihood Estimator was used for the classification.  The images were classified into various 

landcovers classes namely, Dense Mangroves, Sparse Mangroves and Others.  Two software’s namely, ERDAS 

Imagine and GRAM++ were used for landcover classification and change detection analysis.  It was observed 

that the total mangrove area in Mumbai in 2004 and 2013 was 50.52 square kilometers and 48.7 square 

kilometers respectively.  In the year 2004 and 2013, contribution of sparse mangroves in the study area was 

72.31 % and 87.06% respectively. 
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1 INTRODUCTION AND OBJECTIVES 

Mangroves are the trees and shrubs that are highly decisive coastal resources which grow in saline coastal 

habitats in the tropics and subtropics having stilt like roots and stems and forming dense thickets along tidal 

shores.  These provides various necessary ecosystem services like maintaining the quality of coastal waters, bio 

resources, reducing intensity of storm and flood damage and it is also a breeding ground for fish species [1; 2].  It 

sustains directly 70 human activities [3; 4].  They protect the shore line which is a buffer zone between land and 

sea.  Also, mangrove forests play a pivotal role that includes screening the UV-B radiation and reducing the 

greenhouse gases (CO2).  It is a natural shield against cyclones and ecological disasters.  It is a place of sustaining 

various marine species; removing harmful heavy metals and finally providing economic benefits.  It is a source of 

timber, fuel fodder and income for fishermen [5]. 

Before the use of remote sensing as a tool of mangrove mapping, field survey was the available option.  Such a 

survey-based technique has limitations which were overcome by remote sensing technology.  The inherent 

advantages of remote sensing data include synoptic coverage, temporal revisit time, large spatial area coverage; 

data easily available and less cost, images give true picture and highly accurate, satellite images available with 

various resolutions, inaccessible area coverage possible and all time (day and night) and availability of satellite 

data during extreme weather.  Remote sensing as a tool finds extensive applicability in coastal resources mapping 

and management especially mangroves mapping [6; 7].  Medium and low resolution satellite images have been 

extensively used during last four decades for mangrove mapping and monitoring, namely Landsat [8; 9], SPOT 

[10], IRS [11; 12], ERS [13], Sentinel-1 and Sentinel-2 [14] etc. 

In the initial years, a mangrove mapping using remotely sensed data was performed by visual interpretation 

techniques.  The elements of photo interpretation were used for mangrove classification [15; 16; 17].  Further, 

past literatures had proven the relevance of remote sensing in mangrove mapping and change detection [18; 19].  

Later years various digital image processing techniques had been employed by various researchers that include 

Normalized Difference Vegetation Index (NDVI) [20; 21], Maximum Likelihood Estimator (MLE) [22; 23] and 

Neural Network [24].  The results obtained from these techniques were found better than visual interpretation in 
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terms of accuracy of classification.  From the literature, it is clear that limited work is carried out on classification 

of dense and sparse mangroves using medium resolution satellite images and MLE.  The specific objectives of 

the present study are to identify Mangroves in Mumbai using RS and GIS and conduct a change detection 

analysis using data of year 2004 and 2013. 

 

2. STUDY AREA 

Mumbai consists of two districts; Mumbai city or Island city and Mumbai Suburban district and is shown in 

Figure 1.  Mumbai has a total area of about 603.4 square kilometers.  The Island city spans 67.79 square 

kilometers and Mumbai suburban district coverage is 370 square kilometers which comes under the 

administration of Municipal Corporation of Greater Mumbai (MCGM) and the rest is of Mumbai Port Trust, 

Atomic Energy Commission, Defense and Borivali National Park.   

 

Mumbai is bounded by the Arabian Sea on the west (see Figure 1).  The population which is constantly growing 

due to the urbanization and currently stands at about 20.5 million people is creating a direct impact on the coastal 

resources due to the unavailability of adequate land area.  Expansion of human settlements to cope with the ever 

growing population and industrial setups along the coastal region has been disturbing the mangrove ecosystems 

and further depleting them.  The mangroves in Mumbai region have been affected due to land reclamation and 

issues like pollution.  The present mangroves are under threat from the human settlement expansion and urban 

activities.  Plenty of urban and infrastructure development has been happening on or around the mangroves.  

Industrial developments around the coastline make the mangroves vulnerable due to improper disposal of wastes.  

It is also destroyed by dumping of excavated earth for residential areas. 

 

 
 

Figure 1. Study area (map not to scale) 

 

3. METHODOLOGY 

The overall methodology involves procurement of satellite data and landcover classification using MLE. 

 

3.1 SATELLITE DATA 

Cloud free and georeferenced IRS P6 LISS III images (23m x 23m, Path: 94; Row: 59) of January 20, 2004 and 

February 25, 2013 of Mumbai city and adjoining areas were procured from NRSC, Hyderabad.  Analyses were 

performed using two softwares namely, GRAM++ version 11.1 and ERDAS IMAGINE version 9.3. 

3.2 LANDCOVER CLASSIFICATION USING MAXIMUM LIKELIHOOD ESTIMATOR 

Supervised classification with MLE was used to facilitate landcover classification.  Classification utilizing the 



28 
 

green, red and near IR bands of IRS P6 LISS III satellite were considered, namely Band 2, Band 3 and Band 4 

and Standard False Colour Composite (FCC) was generated [25].  We first identified three landcovers in the 

study area namely, Dense mangroves, Sparse mangroves and Others based on visual photo interpretation 

techniques.  The samples for each of the three landcovers were extracted.  Using the sample statistics information 

of these landcovers and MLE, we classified the each pixel of the image in either of these landcover classes and 

generated landcover map of the study area.  This analysis was performed for both the images of IRS P6 LISS III 

i.e. January 20, 2004 and February 25, 2013 in ERDAS Imagine.  Further analysis was performed in GRAM++.  

Using the classified images, different layers were created and digitized in GRAM++ namely sparse, dense and 

others.  An additional layer of Mumbai boundary was also made within which the digitization was done.  While 

digitizing, assumptions were made like mangroves exist along the coastlines.  After digitizing, various polygons 

were cleaned, labeled, and topology was generated.  Next step was the process of rasterization.  The rasterized 

map of 2004 and 2013 are presented in Figure 2 and Figure 3 respectively.  Further, change detection with 

unconditional overlay was performed between 2004 and 2013 images using Raster Analysis tool.  The temporal 

changes in landcover classes from 2004 to 2013 are depicted in Figure 4. 
 

 
 

Figure 2. Mangrove mapping for year 2004 
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Figure 3. Mangrove mapping for year 2013 

 

 
 

Figure 4. Change detection map for mangroves 

 

4. RESULTS AND DISCUSSION 

The study revealed that mangrove area in Mumbai during 2004 was 50.52 square kilometers whereas in year 

2013, mangrove area was 48.7 square kilometers (Table 1).  Forest Survey of India (FSI) reported 50 square 

kilometers of mangrove area in the study area during year 2015 [26].  The total mangrove area in the study area 

in year 2001 was reported as 56.4 square kilometers [27].  The results observed a decreasing trend that 

collaborates with past literatures.  In case of Mumbai, the decreasing trend is mainly attributed to land 

reclamation and urban development encroached on mangroves. 
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Table 1. Area of Mangroves in Mumbai 

Year 
Mangrove Classes Total Area 

(km2) Sparse (km2) Dense (km2) 

2004 36.53 (72.31%) 13.99 (27.69%) 50.52 (100%) 

2013 42.4 (87.06%) 6.30 (12.94%) 48.70 (100%) 

 
In the years 2004 and 2013, contribution of sparse mangrove in the study area was 72.31 % and 87.06% 

respectively.  The coverage of dense mangrove and sparse mangrove for years 2004 and 2013 are tabulated in 

Table 1.  It was estimated that 1.82 square kilometers of mangrove area was lost over the course of 2004 to 2013.  

There was a loss of 7.69 square kilometers of dense mangrove but sparse mangrove increased by 5.87 square 

kilometers during the period.  Change detection analysis depicted dense mangroves to sparse mangroves and 

others were 5.68 and 4.47 square kilometers respectively.  Further, conversion of sparse to dense and others were 

0.155 and 8.95 square kilometers respectively.  Conversion of others to sparse mangroves was 9.29 square 

kilometers and others to dense mangroves area was 2.31 square kilometers (Table 2). 
 

Table 2. Change Detection of Mangroves in Mumbai from 2004 to 2013 

Change Detection Parameters Mangrove Area (km2) 

Sparse to Others (S-O) 8.95 

Dense to Others (D-O) 4.47 

Others to Sparse (O-S) 9.29 

Sparse to Sparse (S-S) 27.42 

Dense to Sparse (D-S) 5.68 

Others to Dense (O-D) 2.31 

Sparse to Dense (S-D) 0.155 

Dense to Dense (D-D) 3.84 

 

5. CONCLUSION, LIMITATION AND FUTURE WORK 

The study attempted to monitor changes in mangroves during past decade in an industrialized urban environment.  

The supervised classifications with MLE results reported in the present study were comparable with literature 

results.  In the present study, we classified mangroves with sparse and dense based on tone/color.  The method 

was simple, rapid and easy to use.  The study did not report accuracy of landcover classification as survey was 

not available that associated with the time of image taken.  Also, spatial resolution played important role in any 

landcover classification.  The present study used medium resolution satellite images.  For classification of 

mangrove into various species, high resolution satellite images are needed.  Future work includes classification of 

mangrove and its species using high resolution satellite images for better management.   

 

For effective eco-rehabilitation and management of mangrove areas in Mumbai, there is a need of more and better 

information on the structure.  As mangrove ecosystems have its own structure and composition, detailed sub area 

studies are desirable, so as to draw guidelines for the management of respective mangrove ecosystems.  In addition 

to generating and making available alternative fuel, fodder and timber, simultaneous measures to protect the 

remaining mangroves, as also increasing the same, are necessary.  Intensive studies, not only of plant cover but 

also of other components of the ecosystem should be undertaken using remote sensing and survey methods.  More 

importantly, protection to this ecosystem is a desirable and must. 
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