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Mangrove mapping and change detection around Mumbai (Bombay)
using remotely sensed data

V. Vijay?, R. S. Biradar®, A. B. Inamdar®, G. Deshmukhe®, S. Baji” & Madhavi Pikle®
#Central Institute of Fisheries Education (ICAR), Versova, Mumbai-400 061, India
PCentre of Studies in Resources Engineering, Indian Institute of Technology, Bombay, Mumbai 400 076, India
*[E-mail : rbiradar@hotmail.com]

Received 21 April 2004, revised 19 April 2005

Remote sensing technology was used to detect changes in the mangrove habitat around the Mumbai suburban region.
For this purpose, cloud free satellite images on the scale of 1 : 50,000 from Indian Remote Sensing (IRS) satellite IRS-ID
and IRS-1C were used. The total area of mangroves in Mumbai suburban region has been estimated to be 56.40 km?
(including mud flats) with dense mangroves contributing 45.4% to the total. During 1990 to 2001, a total mangrove area of
36.54 km? was lost, indicating a 39.32% decrease in the area of mangroves. It has been observed that the quantitative
degradation of mangrove vegetation is largely due to burgeoning population pressure, construction and development
activities, conversion to agricultural land and fish farms besides the effect of industrial effluents. Avicennia marina was
found to be the most dominant mangrove species. Measures have been suggested for conservation and management of

mangroves of Mumbai on a sustainable basis.
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Introduction

Mangrove ecosystems are highly productive but
extremely sensitive and fragile. Mangrove forests are
undergoing constant seasonal, short term, long term
changes due to their dynamic nature and, to a greater
extent, through various natural and biotic influences.
Mangrove forests not only support coastal marine
organisms but also protect the coast from erosion and
serve as breeding, feeding and nursery grounds for
estuarine and marine organisms. Additionally they are
important for capture and culture fisheries. Therefore,
monitoring mangrove habitat from time to time is an
essential component in coastal marine ecological
studies and coastal management. Traditional field
surveys inside mangrove swamps are quite
cumbersome. Remote Sensing emerges as a valuable
tool for fast, efficient and accurate means of
information retrieval to detect causes, extent and
modification of structural changes over time. The
information gained can be utilised for effective
planning and management of mangrove forests.

The sustainability of the mangrove ecosystem is of
paramount importance for Mumbai (Bombay), one of
the premier mega-cities of the world with a population
of over 13 million. Mangroves around Mumbai form a
fragile ecosystem that is exposed to pollution and

other  demographic  pressures.  Anthropogenic
activities involving development projects have most
often resulted in depletion of coastal resources,
destruction of critical habitats, disruption of
ecosystem processes and loss of biodiversity. The
accurate mapping of this land resource is necessary
due to various benefits accorded by it, particularly for
the livelihood of 50,000 fishermen in Mumbai. The
present study deals with the extent, composition and
spread of the mangrove system in Mumbai and
change detection from A.D.1990 to 2001 with the
help of remote sensing techniques.

Materials and Methods

The port city of greater Mumbai, along west coast
of India lies between 18° 55N and 19° 19°N latitude
and 72° 47°E and 73° 05 E longitude. Formerly, it was
composed of a cluster of seven small islands which
were connected by causeways, reclamation and filling
up of shallow marshy areas that separated these
islands and which have now become a solid stretch of
land narrowing to a point at Colaba at its southern
extremity. The Mumbai main land was later extended
up to the Bassein creek on the northwest to include
the larger northern island of Salsette also. The
coastline on the west has four major creeks: Manori,
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Malad, Mahim, and Mahul creeks. Thane creek
extends from the south-eastern part of the city to the
Ulhas river in the north. All the creeks and tidal inlets
have sheltered shores exposed during low tide where
the mangroves grow. The formation of these
marshlands can be traced to coastal alluvial deposits,
which are of recent formation.

Remotely sensed images for the Mumbai suburban
region falling between the co-ordinates 19°15’N and
19°N latitude and 72°45°E and 73°E longitude were
studied for the change detection part, as most of the
mangrove areas in Mumbai fall within this region.
The images used were cloud free, standard false
colour composites (FCC) so that the spatial details
over the city were clearly visible.

a. Data sources :

Standard FCCs from the following sources were

used for this study (Table 1):

1 Indian Remote Sensing (IRS) Satellite IRS-1D data
of 8" March, 2001 and procured from National
Remote Sensing Agency (NRSA), Hyderabad.
Field survey conducted in 2001 and early 2002.

2 IRS satellite IRS —1C data of 24™ December, 1996
and field survey done by IIT Bombay, Mumbai in
1997.

3 SPOT data of 23" November, 1990 and field
survey in 1991 (Done by IIT, Mumbai, for
preparing the CRZ maps of the region). The details
of (2) and (3) were provided by Centre of Studies
in Resources Engineering (CSRE), IIT, Bombay,
Mumbai. Sensor characteristics of these data
sources are given in Table 1.

b. Images used :

Standard FCC comprising green, red and near infra
red (NIR) band from all these data sources have been
utilized for the studies. In case of IRS data, hard copy
geo-coded images were utilized for visual
interpretation, whereas the SPOT data which came in

Table 1—Description of data sources

IRSIC & ID SPOT 2
Bands Green 0.52 to 0.59 um Green 0.52t0 0.59 um
(Multi Red 0.62t00.68um  Red  0.62t00.68 um
Spectral)  NIR 0.77t00.86um  NIR  0.77 to 0.86 um
Ground 235m 20m
Resolution
Repetivity 24 days 26 days

the form of diapositives was interpreted using a
Procom (projector compositer) machine.

¢. Visual interpretation techniques :

Simple principles of photo interpretation were used
to detect and demarcate mangrove growth in the study
areas. The most important of the identification criteria
considered were tone/ colour, texture and association
with coastal waters (Nayak et al.'). In the present
study colour, texture and location of visual
interpretations were helpful in delineating different
classes of mangroves in the image. Dense mangroves
showed bright red colour with medium texture. Sparse
mangroves showed slightly brownish/pale red colour
with medium texture. Association and location of
mangroves with intertidal areas provided better
delineation accuracy. Classifications based on vege-
tation vigour and colour was found to be largely valid
and was fine tuned wherever necessary to take care of
arrangement of leaves, locations etc., by altering the
identification key after ground truthing. The remote
sensing keys thus developed were used for classifying
the variations — dense/sparse, in the mangrove growth
besides extensive field checks. Besides demarcating
the mangrove patches, the main railway and road
network were also marked, to provide a reference for
comparison of the mangrove areas.

d. Ground truthings:

Field checks were performed after the mapping of
data and classification of mangroves in the study area
was completed, to ascertain the accuracy of prediction
based on the remote sensing keys developed. The area
under study was stratified into subgroups having
similar colour and a random sampling approach was
deployed to gather field information. Field checks
were possible mostly in the areas that are accessible
by roads. The density of mangrove flora was
estimated by the quadrate method®. Plots of 25 m?
were located away from edge conditions along
transect. Each plot was set by fixing 4 corner stakes
and thereby indicating the area covered. All the
mangroves including saplings present in 5 replicate 25
m? plots were counted; the average numbers were
estimated and presented as population density for
different species per m%.

e. Change detection studies:

The maps depicting the distribution of sparse and
dense mangroves area for 1990 and 1996 were
obtained from the Indian Institute of Technology
(T), Mumbai. Maps prepared from images of
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IRS-1C (1996) and IRS-1D (2001) were entered on
GIS using ArcView GIS software, through
digitization. Since the methodology comprised
mapping through visual interpretation, the season in
which the satellite image was taken is not expected to
significantly affect the mangrove extent and its
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Map layers generated in 1996 and 2001 were co-
registered using well distributed ground control points
(GCP) such as intersection of major roads, rail
network, and other permanent structures which have
not changed during these years. The total area
coverage by each category i.e., sparse and dense

comparison during various years. mangroves was estimated using the ArcView
Sy
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Fig. 1—Location of the Penner delta. The area enclosed by the rectangle (Iskapalli lagoon) is enlarged in Fig. 2.
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GIS 3.2a software. Superimposition of 1996 and 2001
map layers was later undertaken. Figure 1 depicts the
change detection produced by the superimposition of
2001 map over that of 1996 using ArcView GIS
software resulting in eight change detection classes
viz., sparse to sparse, sparse to dense, sparse to others,
dense to dense, dense to sparse, dense to others,
others to sparse and others to dense.

Results and Discussion

The study revealed that mangrove coverage during
2001 in Mumbai was 56.4 km? forming nearly
12.05% of the total area of 468 km?. Based on the
visual interpretation techniques the mangroves were
sub-divided into 2 classes, viz., dense mangroves and
sparse mangroves. Table 2 describes the area of
coverage of the classes of mangroves in the years
1990, 1996 and 2001. The area of coverage of sparse
and dense mangrove in the year 1990 and 1996 were
provided by 1T, Bombay. It is evident that the area of
sparse mangroves has declined considerably whereas
the area of dense mangroves has increased in the
study area (Table 2). Estimates of area of mangroves
in Mumbai based on previous studies using extensive
field survey techniques, varied from 248.7 km?
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area under the mangroves. There was a loss of 44.28
km? (-58.98%) in sparse mangroves and interestingly
a gain of 7.74 km? (+43.34%) in the dense mangrove
area during 1990 to 2001 (Table 2). It is observed that
during the 11-year period mangroves have been
receding at the rate of 3.32 km? yr™.

The change detection studies were based on the
identification of 8 change detection classes as
depicted in Table 3. It was found that new mangrove

Table 2—Area under mangroves in Mumbai

Year Mangrove classes Total area
Sparse Dense (km?)
mangroves mangroves
(km?) (km?)
1990 75.08 17.86 92.94
(80.78%) (19.22%) (100%6)
1996 43.44 23.47 66.91
(64.92%) (35.08%) (100%6)
2001 30.80 25.60 56.40
(54.61%) (45.39%) (100%)

Table 3—Change detection in mangrove areas (km?)
during 1990 to 2001

H 2
(Qureshi®) to 200 km? (Blasco et al.’) to 92.94 km’ S:ﬁ;?ﬁ;fg‘e““’” 1992/_| 1006 areafg;%_)zom
(Inamdar et al.?) to 26.97 km? (Jagtap et al.”). This
shows the amount of destruction and degradation that ~ Sparse to sparse (SS) 7.25 17.59
has affected the mangroves. The large difference in  Sparse to dense (SD) 7.70 5.38
mangrove area estimated by Jagtap et al.” and the Sparse to others (SO) 6.69 7.06
present _study may be du_e to inclusion of mudflats . .. sparse (DS) 533 591
along with the mangroves in the present study._ _ Dense to dense (DD) 77 1163
The change in the area of mangroves pertaining to
the Mumbai suburban region for a period of 11 years ~ Dense to others (DO) 4.06 1.98
from 1990 to 2001 reveals that a total area of 36.54  Others to sparse (OS) 21.85 291
km? was lost. This accounted for 39.32% decrease in Others to dense (OD) 8.42 2.35
Table 4—Composition and Ecological Status of Mangroves in Mumbai Suburban Region, 2001
Sl. No. Mangrove species Gorai  Madh Island  Versova Bandra Mahul Thane Khopar
Kherne
1. Rhizophora mucronata A LC LC A A A A
2. Ceriops tagal A A LC A A A A
3. Bruguiera cylindrica A A C A A A A
4, Sonneratia apetala A R R C A VC C
5. Avicennia marina VvC VvC VvC VvC C VvC VvC
6. Aegiceras corniculatum A LC LC A A A A
7. Acanthus ilicifolius A C C C A A A

Key: VC = Very Common; C = Common; LC = Less Common; R = Rare; A = Absent
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areas are emerging in Thane creek along the Navi
Mumbai stretch and in the Pascal Wadi stretch of
Malad creek. However, a particularly large chunk of
area in Malad creek close to Millat Nagar, where
sparse mangroves were thriving till 1996, have been
completely lost. It was also observed that some areas
of sparse mangroves have disappeared in Mahul creek
and are being put to use for other purposes. Between
1996 and 2001, the total area of mangrove decreased
from 66.91 km® to 56.40 km? indicating a 15.71%
decline. Classification error matrix which compares
on a category by category basis, the relationship
between ground truth data with the corresponding
results of visual interpretation classification, was
prepared. Based on this, the over all accuracy of
mapping was found to be about 90%. For comparison
purpose, ground truth data were collected from
Manori, Malad, Mahim, Mahul and Thane creek
areas.

In India a number of workers have carried out
change detection studies using remotely sensed
data®*'. All these studies show the relevance of
remote sensing in the change detection of the extent
of the mangrove environment.

Table 4 shows the composition and ecological
status of the mangroves found in the Mumbai
suburban region during 2001, which supports earlier
findings™*2. The result obtained in the present work
regarding the zonation suggests that the mangroves in
Mumbai follow the same pattern of distribution as
that of the common Indo-Pacific region™ in many of
the isolated creeks. They were dominated by
Avicennia marina near to the tidal waves, followed by
Rhizophora mucronata. Progressing landward, the
next zone was that of Bruguiera cylindrica, whereas
Acanthus ilicifolius formed the fringe layer near to the
land. Shrubs of Ceriops tagal and Aegiceras
corniculatum were scattered intermittently among the
other mangroves species. However, in the Thane
region, an Avicennia — Sonneratia association was
evident.

The density of mangroves found in the Mumbai
suburban region based on field studies is summarised
in Table 5. Approximate overall density of mangroves
around Mumbai is 23 individuals/25 m?. Gorai region
had the lowest density, while Thane region had the
highest density.

Human factors critically influence the outcome of
mangrove rehabilitation projects in populated areas.
From a management point of view, in order to save

Table 5—Density of mangrove in Mumbai suburban region, 2001

S. No. Region Density
(trees per 25 m?)
1. Gorai 9.50
2. Madh Island 25.00
3. Versova 21.80
4. Bandra 27.50
5. Mahul 17.50
6. Thane 30.00
7. Khopar Khairne 28.50

the mangroves from reclamation it is necessary that
future aquaculture progress should be planned with
care and with the full support of the people™. With
proper legislation, fisheries should be encouraged to
avoid pollution and damage to the existing
mangroves. The following broad management
measures are suggested for protection of mangrove
resources along the Mumbai coast:

1 Continuous updating of
inventory using remotely
monitoring.

2 Strict implementation of Coastal Regulation Zone
(CR2Z) to safeguard the mangroves.

3 Promote activities that support sustainable growth
of mangroves.

4 Develop awareness campaigns on the impact of
destruction of mangroves on the coastal
environment.

5 Different departments and agencies such as Forests,
Revenue, Urban development, Fisheries, Mumbai
Metropolitan Region Development Authority
(MMRDA), City Industrial  Development
Corporation (CIDCO), Maharashtra Housing and
Development Authority (MHADA) are connected
with conservation of mangroves. For the sake of
better co-ordination a single department such as
Forests may be made the nodal agency at the state
level for conservation and development of
mangrove areas.

mangrove habitat
sensed data and

The present study demonstrated that satellite
remote sensing data is a valuable tool for the easy
assessment of mangrove habitat. With the aid of high
resolution satellite images, it is possible to delineate
mangrove areas from non-mangrove areas. Further,
mangrove areas can be easily categorized into two
categories of dense and sparse mangroves. Based
upon the change detection studies carried out over a
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11 year frame work between 1990 and 2001, it can be
concluded that the mangroves in the Mumbai
suburban region are decreasing at a fast pace (39.32%
decrease between 1990 and 2001) and only integrated
conservation and management measures can help the
upkeep of this fragile environment on a sustainable
basis.
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