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ABSTRACT 
Mangrove forests are one of the world’s most threatened tropical ecosystems. According to the 
Coastal Regulation Zone (CRZ) notification, mangrove regions in the country have been 
categorized under CRZ-I (Ecological Sensitive Zone). However, increasing number of 
anthropogenic activities like housing and infrastructure development projects have most often 
resulted in the depletion of mangrove habitat and violation of CRZ notification. This paper aims 
to discuss the changes in mangrove ecosystems during 1972 - 2010 (as well as to study the 
recent situation), distribution of mangroves around Ulhas River and the potential of the study 
area for mangrove regeneration. The present study area is under tremendous anthropogenic 
pressure because of activities like human settlements, illegal dumping of wastes and dredging of 
soil. The study was carried out using level 1 product of Landsat TM and ETM+ images acquired 
from USGS earth explorer website and classified using Maximum Likelihood Classifier in 
ArcGIS desktop10. Study indicated that, Thane is the worst affected area with loss of 28.19 % 
i.e. 3.86 km2 of mangroves in the period of 1992 to 2010. This region shows worst impact of 
anthropogenic activity and least regeneration options. It is observed that total area of mangroves 
is increasing at times and shrinking at other times, indicating mixed effects of mangrove 
protection and anthropogenic activities. This paper also highlights the importance of mapping 
temporarily lost and permanently lost areas, for generating and implementing an effective 
Coastal Zone Management Plan. 
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INTRODUCTION 
Mangrove ecosystem is highly productive and 
fragile. Hence periodic monitoring of 
mangrove habitat is essential.1 Mapping of 
mangroves using remote sensing and GIS 
techniques is an excellent alternative to 
traditional ground survey methods. The 
relationship between mangroves and the 
surrounding environmental gradient, when 
incorporated into GIS layers improves the 
quality of an already-produced mangrove 
map2. Remote sensing, in combination with 
GIS and fieldwork, is an effective management 
tool3. It is useful for development of effective 
strategies for the sustainable utilization of 
natural resources4. A combination of hybrid 
image classification and GIS rule-based 
classification methods is most promising for 

investigation of forest wetland delineation5. 
During last two decades, mangrove ecosystems 
have received much global importance and 
attention by scientific community, environ-
mentalists and coastal zone managers6,7. 
Mangrove forests are one of the world’s most 
threatened tropical ecosystems. According to 
the Coastal Regulation Zone (CRZ) 
notification 2011, mangrove regions in the 
country have been categorized under CRZ-I 
(Ecological Sensitive Zone). However, 
increasing numbers of anthropogenic activities 
like housing and infrastructure development 
projects have often resulted in the depletion of 
mangrove habitat and violation of CRZ 
notification. Due to insufficiency of baseline 
data, the numerous of CRZ violations which 
include destruction of CRZ-I area, illegal 
constructions in no development areas of CRZ-
III and other such issues go unnoticed 8. *Author for correspondence 
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A detailed inventory of coastal marine living 
resources like mangroves, corals, seagrass, 
seaweed, turtle, fish, crab etc. along the Indian 
coast is still not available in place. There are 
no exact maps showing various coastal 
geomorphic systems like sand dunes, mud 
banks, beaches, mudflats, rock cliffs, sandbars, 
tidal inlets, delta, estuary, lagoon, small 
islands, salt marshes etc.9 
Mangroves in India cover approximately 0.6 
million hectares (about 6,700 km2), which is 
about 3% of the total global mangrove 
coverage 10, 11. The eastern coast of India 
possesses about 70% of the total Indian 
mangroves. This includes the Sunderbans (the 
largest single block of mangrove ecosystem in 
the world), located in the estuary of River 
Ganges (Hoq, 2007). About 12% is distributed 
along the western coast, while the remaining 
18% is distributed around the Andaman and 
Nicobar Islands.10  
The water quality simulation of Thane creek 
has been carried out by Gupta et al (2003) by 
considering 11 points of discharge viz. Rabodi, 
CS Nallah, Thane Nallah, Kopari, Airoli, 
Bhandup, Kopar Khairane, CETP, Ghatkopar, 
Vashi and Nerul12. Recent water quality 
analysis of Ulhas River Estuary has shown 
increasing evidence of pollution due to 
discharge of effluent from nearby area 13. 
Thus, the stretch of creek between Balkum to 
Vitawa has become a death zone. The disposal 
of untreated effluents in to Ulhas River has 
badly affected the fringe of mangroves along 
the river.14 After 1990, loss in wet land area in 
Thane creek near Digha and Mankhurd is 
estimated as 103.2 ha and 343.18 ha 
respectively.15 Mangrove occupied area in 
Thane creek during 1981-82 was 25 ha which 
reduced in 1992-93 to 9 ha.16  

AIMS AND OBJECTIVES 
The objective of this study is to record the 
changes in mangrove ecosystems during last 
few decades (1972 - 2010) and to study the 
recent situation and distribution of mangroves 
around Ulhas River. This paper presents 
change detection analysis of mangroves along 
Ulhas River in Thane district, Maharashtra, by 
using GIS and remote sensing tool. The 
present study area is under tremendous 
anthropogenic pressure because of activities 

like human settlements, illegal dumping of 
wastes and dredging of soil. No digital vector 
data is available for the given study area.  

MATERIAL AND METHODS 
Study area 
The study was conducted on mangroves in 
Mumbai city, which lie along the west coast of 
India between 18.89N to 19.34N latitude and 
72.76E to 73.02E Longitude. Mumbai was 
originally a cluster of seven islands boasting 
luxuriant forests of mangrove along its fringes, 
which were later deforested due to reclamation 
of these islands in to a single land mass. 
Avicennia marina and Acanthus ilicifolius is 
the most dominant mangrove species found in 
the area. Brugeriacyl indrica is distributed in 
some patches of areas like Versova. The total 
area of mangroves including the mudflats is 
estimated to be 56.40 km2. Between 1990 and 
2001, a total area of 36.54 km2 area was lost 
(1).Thane creek is identified as an Important 
Bird Area in India, (IBA site code:  IN-MH-
19).Forest department of India protects entire 
stretch of Mangroves in Mumbai, India. 
Ulhas River originates over central region of 
Sahyadri range of western ghat at an altitude of 
about 900 m above sea level and after 
mountainous course of 80 km along the 
western slope of Ulhas plateau reaches the 
plain ground near Kalyan. From Kalyan 
onwards it meanders through mud flats and 
mangroves and further meets the Arabian Sea 
17. The study area lies between Lat. 19.25 N, 
Long. 72.77 E and Lat. 19.3 N, Long. 72.82 E. 
At Thane, river splits into two branches, one-
branch turns northwest to Ghodbunder, where 
it opens into the estuary of Vasai Creek and 
second Thane Trans Creek (TTC) flows south 
towards Mumbai harbor as seen in Fig 1. 
Thane Creek is relatively stagnant and 
dominated by a marine environment, while the 
Ulhas River is more dynamic and fluvio-
estuarine in nature18. The surrounding is best 
suitable for proliferation of mangroves because 
of the salinity of water and tidal impact. Ulhas 
Estuary comprises a network of channels of 
various depths, mud flats, tidal marshes and 
isles19. The high rainfall that the catchment 
receives during the monsoon period, leads to 
heavy runoff through these rivers to the 
Arabian Sea.20-24 The estuary is affected 
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heavily by uncontrolled discharge of pollutants 
from point and non-point source. Rivers, 
streams, land runoff, wastewater inputs, 

industrial discharges and the atmosphere are 
all pathways by which pollutants enter the 
estuary.25-30 

 
Fig. 1 : Landsat ETM + false color composite image of the study area  

Tools and methods  
In the present study, mangroves in Mumbai 
were identified using Google earth. Field 
survey was carried out for the verification of 
the mangroves identified in the study area and 
the data was generated for the years 1992, 
1998, 2001, 2004, 2005 and 2010. For the 
year, 2004 and 2010 areas were digitized using 
Google earth and for rest false color 
composites of Landsat images with 
combination of band number 4, 5 and 3 were 
used. Landsat TM and ETM+ level 1 product 
was acquired from USGS Earth Explorer 
website. Supervised image classification was 
performed using maximum likelihood 
classifier for extracting mangroves from 
satellite images, in ArcGIS Desktop 10. 
Ground truthing and topology validation in 
ArcGIS verified the quality of data generated. 
In case of any errors, rectifications were done 
and data was regenerated. Digitization of 
permanently lost areas and disturbed areas was 

carried out using Arc2earth. Further, changing 
pattern of the mangrove area was studied for 
the above-mentioned years. The area for 
regeneration and permanently damaged sites 
were also assessed 

RESULTS AND DISCUSSION 
Total area of mangroves in and around 
Mumbai is depicted in Fig. 2 to Fig. 4 
respectively. From 1972 to2001, the area of 
mangroves reduced from 134.29 sg.km to 
64.03 sq.km but the areas increased to 
121.15 sq.km in 2005.Area of mangroves for 
Mumbai from 1972 to 2001 reduced from 
50.045 sq.km to 29.43 sq.km but regained 
the status to 50.10 sq.km till 2005.Thane 
however lost mangroves from 69.30 sq.km in 
1972 to 55.82 sq.km. Navi Mumbai has 
shown growth in area of mangroves covered. 
A detailed study on Ulhas River in Thane 
region was conducted to map disturbed and 
permanently lost areas. 
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Fig. 2 : Total area of Mangroves around Mumbai, India 

 
Fig. 3 : Region wise distribution of Mangroves, Mumbai , India 

 
Fig. 4 : Changes in Mangrove cover of Mumbai and areas around from 1972 to 2005 

1972 1973 1992 1998 2001 2005
Total area 134.29 153.28 81.59 82.10 64.03 121.15
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Fig. 5 : Change in area of Mangroves of Ulhas River (zone wise) 

The area covered by mangroves zone wise and 
total area of mangroves around Ulhas river is 
depicted in Fig. 5 and Fig.6 respectively. The 
total area covered by mangroves around Ulhas 
river depleted from 51.42 km2 in 1972 to 35.12 
km2 in 1992; and 25.06 km2 in the year 2010, 
with a negative change of 26.36 km2. Kalyan 
zone initially showed growth in mangrove cover 
from 16.20 km2 in 1972 to 16.42 km2 in 1992 but 
later area depleted to mere 7.57 km2 in the year 
2010. In case of Thane region, the land covered 
by mangroves decreased from 11.08 km2 to 9.23 

km2 to 5.37 km2 between years 1972 to 1992 to 
2010 respectively. While Western Thane showed 
tremendous decrease in area initially from 24.14 
km2 in 1972 to 9.46 km2 in 1992it further 
increased to 12.11 km2 in 2010. The data 
concerning permanent area lost by mangroves 
and regenerative area have been provided in   
Fig. 7. The comparison between lost area and 
regenerative area for mangroves. Disturbed areas 
can be regenerated, as these areas are mostly land 
abandoned after illegal sand mining, dumping of 
waste, illegal logging for timber production etc. 

 
Fig. 6 : Change in total area of Mangroves of Ulhas river 
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Fig. 7 : Comparison of area of mangroves, disturbed areas and permanently lost areas of Ulhas 

river 

Changing pattern of mangroves from the year 
1972 to 2010 is depicted in Fig. 8. The layers 
in ArcGIS were arranged chronologically to 
identify the area that has been lost and the area 
still covered by mangroves.The study area, 
also depicted in Fig. 9 showed permanent loss 
of 5.10 km2 area covered by mangroves, which 
cannot be regenerated. The regenerative area 
was evaluated and was found to be 3.43 km2. 

Kalyan showed maximum potential for 
regeneration as area with permanent loss was 
1.96 km2 and disturbed area was 2.25 km2. On 
the other hand, Thane showed least area for 
regeneration as permanent loss was 1.41 km2 

and disturbed/ regenerative area was 0.34 
km2.Western Thane region showed 
regenerative area of 0.84 km2 whereas 
permanent loss was of 1.76 km2. 

 

 
Fig. 8 : Zone wise distribution Mangroves of Ulhas river from 1972 - 2010 
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Fig. 9 : Zone wise distribution of Mangroves, disturbed areas and permanently lost areas of Ulhas 

river for 2010 

CONCLUSION 
As per CRZ notification mapping of 
mangroves needs to be conducted for 
preparing a Coastal Zone Management Plan. 
However, simply mapping won’t help in 
proper implementation of CZMP. From the 
change detection analysis it was found that, 
areas of mangroves have increased but the 
increase should not be taken in a positive way 
as the increase in the area is seawards side and 
not landwards and there is no scope left for 
growth of Mangroves from landwards side. 
This was proved when mapping of 
permanently lost areas and disturbed areas was 
conducted. This helped in understanding the 
potential of the ecosystem for positive 
regeneration of Mangroves. Hence, all these 
parameters must be considered while 
formulation of CZMP at the local as well as 
national level. More details can be obtained for 
mapping    at   local   level depending on which  

suitable plans for that region should be created. 
Hence the major observations are 68.31% of 
Mangroves were lost in the period of 1972 to 
1992. Rate of depletion of mangroves further 
aggravated to 71.33% during 1992 to 2010. 
Overall, from 1972 to 2010 almost 48.73% 
percent mangroves are lost. Thus, mangroves 
depleted at the rate of 0.81 km2 per year during 
1972 to 1992 and from 1992 to 2010, the rate 
was 0.55 km2 per year. Overall, from 1972 to 
2010 mangroves depleted at the rate of 0.69 
km2 per year. Overall during 1972 to 2010 
Western Thane is the worst affected area with 
the loss of 50.20% i.e. 12.12 km2 of 
mangroves. However, in the period of 1992 - 
2010, Thane is the worst affected area with 
loss of 28.19 % i.e. 3.86 km2 of mangroves. 
Thane region shows least regeneration options 
indicating worst impact of anthropogenic 
activity. Western Thane region is least affected 
area during 1992 to 2010, as the area covered 
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by mangroves has increased from 9.46 km2 in 
1992 to 12.11 km2 in 2010. It is observed that 
total area of mangroves is increasing at times 
and shrinking at other times, indicating mixed 
effects of mangrove protection and 
anthropogenic activities. Kalyan region shows 
the maximum scope of regeneration as area 
lost permanently is 1.96 km2 and the areas 
disturbed i.e. the area that can be regenerated 
is 2.25 km2 If the mangroves of the study area 
are, regenerated completely i.e. current area of 
mangroves 25.06 km2 in addition to disturbed 
area 3.43 km2, the status would be 28.49 which 
is higher than total area of mangroves in 1998 
25.72 km2. This indicates the status of 
mangroves aligning Ulhas River would be 
much better than what it was in the year 1998. 
Thus, regeneration of mangroves in this region 
will surely help in combating Climate Change 
to some extent. 
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