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INTRODUCTION
Originating at an elevation of 5182 m, on the
northern slopes of Mount Kailash in the Gangdise
Range of Tibet near Lake Mansarovar1, Indus is
21st largest river of the world in terms of annual
flow. It covers a distance of about 2880 km before
draining into Arabian Sea. The river forms a
triangular fan-shaped delta which is about 240
km in length along the axis of the river and 220
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ABSTRACT
The Indus river delta comprises of 17 major and numerous minor creeks, vast expanses of mudflats and
dense patches of fringing mangroves. The Indus deltaic mangroves are considered to be unique because
they form the largest block of arid climate mangroves in the world. The Indian part of the delta, around
Kori Creek, boasts of more than 65% of the total mangrove cover of Gujarat state, India. Due to changes
in the coastal processes in the deltaic environment and anthropogenic activities in the catchment area
of the Indus river as well as in the coastal region, mangroves are under constant threat of being wiped
out. Therefore, it is imperative that these ecosystems be continuously monitored so as to plan a
suitable conservation strategy for them. This study reports changes in mangrove cover over a period
of 45 years in a part of the delta using multi-date and multi-sensor satellite data and old topographical
maps. The study area forms south eastern part of the Indus delta near Kori Creek in Gujarat. It is located
in the north-western part of Kachchh district, comprising region between Narayan Sarovar and Jakhau,
in particular. Topographical maps of 1965-66 time frames, Coastal Zone Information System (CZIS) data
base prepared using 1989-1991 satellite data available at SAC and IRS-1D LISS-III for 2001, LANDSAT
7 ETM+ for 2006 and IRS-P6 LISS-III data for 2010 were utilized for the analysis. The study observes
that during the time frame 1965-66 to 2006 mangrove area has reduced by 11.38 sq km in the study
region.  Most of the degradation took place around Narayan Sarovar, Sindhodic Creek, Chukh Creek,
Kharia Creek and Godia Creek.  The causes of degradation seem to be dynamic coastal processes
occurring in the Indus deltaic environment over 45 years period and increased anthropogenic pressures.
Changes in the coastal geomorphology, in particular changes in mudflat regions in Sugar Creek and
Sindhodic Creek and erosion near Narayan Sarovar-Koteshwar are observed to have caused reduction
of mangrove cover in this area.  Development of salt pan activities has led to depletion in mangrove
cover around Kharia and Godia Creek. Mangrove cover in the study region has increased during the
time frame 2006-2010 by 8.26 sq km, in particular in regions such as east of Sethwara and Ogata bet.
This might be because these areas are relatively sheltered and less affected by the influence of dynamic
coastal processes and anthropogenic activities.
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km at its widest2. The Indus delta is built up of
large quantities of sand and silt, brought by the
river from upland and mountain areas. Presently,
the active Indus delta covers an area of
approximately 6000 sq km and comprises of 17
major creeks, numerous minor creeks and vast
expanses of mudflats and dense patches of
fringing mangroves2.
The mangrove ecosystem of Indus delta is
believed to be unique because it constitutes the
largest area of arid climate mangroves in the*Author for correspondence
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world. The mangroves grow here in an
environment characterized by extremely low
rainfall, highly variable seasonal temperature and
high evapotranspiration rate (146 mm per year).
The annual average rainfall in the delta is 220
cm, so the mangroves depend almost completely
on the Indus river for freshwater supplies.2 The
diversity of mangroves in this region is low,
comprising mostly of monospecific stands of
Avicennia marina, with smaller patches of
Rhizophora mucronata, Rhizophora apiculata,
Acanthus ilicifolius and Ceriops tagal.2,3 Less
availability of freshwater, over harvesting by local
population coupled with coastal processes such
as sedimentation and erosion are considered to
be the factors responsible for reduced diversity
of mangroves in this region.4
The region of lower Indus deltaic plain, situated
on the west of Great Rann of Kachchh, and north-
west of Gulf of Kachchh in Gujarat state of India,
boasts of more than 65% of the total mangrove
cover of the state. Pir Sunai, Sugar, Sir, Kharo,
Pirsani, Kalichod, Sindhodic, Ramaria, Kori,
Chukh, Kharia, Godia and Sethwara Bet creeks,
off the coast of nearby areas such as Koteshwar,
Narayan Sarovar, Jakhau etc support dense
mangrove vegetation.3,5

Mangroves are taxonomically diverse association
of woody trees and shrubs growing in intertidal
and adjacent communities along tropical and
sometimes subtropical coasts.6 They are
important for a variety of ecological as well as
economical reasons7. Ecologically, they act as
windbreaker, prevent the hinterland from storm,
stabilize the coastline and reduce the coastal
erosion. They provide a nursery for a plethora of
marine and coastal life-forms. The detritus
produced by them helps in recycling of nutrients
and thus support benthic marine populations.
Economically, they provide fuel, wood, medicine,
fodder, food and materials for building the boats
and thatching the roofs.
The growing population along the coastal areas is
increasing the pressure on these habitats, primarily
due to unsustainable utilization, conversion of these
areas into agriculture or aquaculture areas and
industrial development. It is therefore of utmost
importance that these coastal habitats be
continuously monitored so as to plan a suitable
conservation strategy for them.

Ground-based monitoring and survey techniques
are costly, time-consuming and often difficult to
implement as these plants grow mostly in intertidal
regions which are not easily accessible on a
regular basis. With the advent of space-borne
remote sensing techniques it has become possible
to get a synoptic coverage of a larger area, at
cost-effective and repetitive manner which is
extremely useful for mangrove mapping and
inventory, to identify temporal changes and to
develop a better understanding of their eco-
physiology. Many studies in the past have been
carried out in different regions of mangroves
through out the world, varying from global to local
scale, using multi-spectral, hyperspectral or
microwave data alone or by using a combination
of them.

AIMS   AND  OBJECTIVES
The major objective of the study was to ascertain
changes in the mangrove environment in a part
of lower Indus deltaic plain over a period of 45
years using remote sensing and GIS (Geographic
Information System). The detailed objectives of
the study were:
  To identify and map mangroves using multi-

temporal satellite data and old topographical
maps.

 To quantify changes in the mangrove cover
using GIS.

 To ascertain causes for the changes in
mangrove cover.

MATERIAL    AND   METHODS
Study area
The study area is a part of lower Indus Deltaic
plain, situated towards south-east of Kori Creek,
in Gujarat state of India. It is north-western part
of Kachchh district, comprising region between
Narayan Sarovar and Jakhau, in particular (Fig.1).
Survey of India (SOI) toposheets (no. 41A/07,
41A/10, 41A/11and 41A/12) of 1965-66 time frame
covering the study area were used to prepare base
map (Fig. 2). For the year 1989, mangrove cover
was obtained using Coastal Zone Information
System (CZIS) database8 available at Space
Applications Centre (SAC) (Fig .3). Satellite data
used in this study for 2001, 2006 and 2010, along
with their specifications are given in Table 1.
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Fig. 1 : Study area

Tabel 1 : Satellite data used in the study and their specifications

 IRS-P6 LISS-III SWIR (Short Wave Infra Red) band has quanization of 10 bits, out of which selected 7 bits are transmitted

      Date of Satellite Sensor Path Row Spatial Spectral resolution Radiometric Temporal
   acquisition resolution (m) resolution resolution

 (m) (days)

04 Feb 2001 IRS-ID  LISS-III 88 55 21.2-23.5 Band 1      0.52-0.59 7 bits 25
(Visible and Band 2      0.62-0.68

NIR) Band 3      0.77-0.86
63.6-70.5 Band 4      1.55-1.70
(SWIR)

28 Oct 2006 Landsat7 ETM+ 151 44 30 Band 1      0.45-0.51 8 bits 16
Band 2      0.52-0.60
Band 3      0.63-0.69
Band 4      0.77-0.89
Band 5      1.55-1.75
Band 6     10.31-12.36
Band 7      2.07-2.35

04 Feb 2010 IRS-P6  LISS-III 89 55 23.5 Band 1      0.52-0.59 7 bits 24
(for all bands) Band 2      0.62-0.68

Band 3      0.77-0.86
Band 4      1.55-1.70
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Mangrove forests comprise of evergreen trees
and shrubs, growing mostly in intertidal areas
characterized by meandering creeks, coastal
lagoons and various river distributaries. Their
complete spectral response in optical domain of
electromagnetic spectrum is a function of
chlorophyll content in their leaves, density and
structure of mangrove patches and varying
moisture levels in the mudflat in response to tidal
fluctuations.9 They form irregular patches, with
smooth texture and are associated with dark (if
wet) or light (if dry), muddy substratum. Visual
interpretation of satellite images takes into
account these characteristics of mangroves, as the
basic elements of image interpretation.
For studying changes in mangrove environment
over a period of 45 years, a mangrove habitat map
(to be used as base map) was prepared using
1965-66 SOI toposheets. Satellite images were

downloaded and a False Colour Composite (FCC)
image was generated in which data in NIR (Near
InfraRed), red and green bands were displayed
respectively as red, green and blue on the
computer screen. Dense mangrove patches
usually appear bright red in an FCC, because of
high reflectance of chlorophyll in NIR region,
which is displayed as red. The three satellite
images were georeferenced to UTM (Universal
Transverse Mercator) projection and WGS84
datum so as to bring all of them to a common
platform for comparative analysis. The subset
corresponding to the study region was extracted
from all the satellite images and georegistered
to base map. Mangrove patches were delineated
by on-screen digitization/visual interpretation of
satellite data and mangrove habitat maps for the
year 2001, 2006 and 2010 were prepared. These
maps were then compared with the base map
(of 1965-66) as well as mangrove coverage for
1989 obtained from land use/land cover map
prepared from CZIS database. The area of
mangrove patches was also computed. All the
image processing work was done using ERDAS
Imagine software (version 9.0), and ArcMap 9.2

Narayan Sarovar

Jakhau

Mangrove

Scale
Kilometers

10 0

Fig. 2 :  Mangrove habitat map of study area
prepared using SOI toposheets

Fig. 3 :  Land use/Land cover map of Indus delta
around Kori creek prepared from CZIS database

Legend
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was used for map composition and GIS analysis.
A flow chart depicting complete methodology
step-by-step is presented in Fig.  4.

RESULTS   AND  DISCUSSION
The entire study area has undergone considerable
changes in terms of mangrove coverage since
1965-66. There is significant loss of mangroves
around Narayan Sarovar-Koteshwar, Sindhodic
Creek and Chukh Creek where as an increase
is noticed around Sethwara and Ogata bets. The
region around Narayan Sarovar-Koteshwar is
conspicuous by the absence of mangroves from
1989 onwards as observed in satellite data
where as there were three patches of mangrove
covering an area of approximately 6.13 sq km in
1965-66 (Fig. 5). This reduction might be
attributed to erosion observed around this
region.10 Similarly, mangrove cover around all
directions of Sindhodhic creek have considerably

depleted, the reduction being particularly
significant in north-nor theast and south-
southwest direction (Fig. 6). The patch in west
is dotted with more blank areas relative to that
in 1965-66. The area around Sindhodic and
Sugar creek is showing highly transformed
morphology (Fig. 6) over the study period, as a
result of dynamic coastal processes such as
erosion and deposition.
From 2006 to 2010, however, mangroves have
started to recover, with most of the increase
noticed around Sethwara and Ogata bets. The area
close to Sethwara bet was completely devoid of
mangroves in 1965-66. From 1989 onwards,
however, mangrove growth has been observed. The
mangrove patch near top-north direction has
reduced from 1989 to 2006 before recovering to
some extent in 2010. Near middle-eastern side of
Sethwara bet there is a progressive increase in
mangrove coverage through out the study period

Fig. 4 : Methodology adopted in the study
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Fig. 5 : Changes in mangrove area around Narayan Sarovar

Fig. 6 : Mangrove expansion from Sindhodhic creek towards Sethwara bet and change in the shape of
mudflat near Sugar Creek

(Fig 6). It seems that mangroves are expanding from
Sindhodic Creek to westward towards Sethwara bet.
This could be because of availability of area that is

relatively quiet of anthropogenic influences as well as
the impacts of dynamic coastal processes. Similar
increase is observed around Ogata bet (Fig. 7).

            1965-66                          1989                                 2001                               2006                              2010
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Fig. 7 :  Increase in mangrove area around Ogata bet
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Another significant observation is around Godia
Creek (Fig 8). Mangrove patches in south and
south-east direction of Godia Creek might have
been under negative anthropogenic influence in
2006. Here, reduction in mangrove area in 2006
compared to 1989 and 2001 seems to be due to
advancement of saltpan activities. Similarly, near
Mitha Port around Kharia Creek, there were two
sizable patches of mangroves in 1965-66. The

patch which was closer to the port, to the east of
Kharia Creek reduced significantly in 1989
(Fig  9). From 2001 onwards mangroves seem
to grow sporadically in this area.
The total area of mangroves in the study region
in1965-66 was 63.84 sq km which reduced to
52.46 sq km in 2006 (Fig 10). In 2010, mangroves
have recovered to some extent, with most of the
increase concentrated along sheltered areas.

Fig. 9 :  Changes in mangrove cover around Kharia Creek
 Area of Mangroves in Selected Regions of Kori Creek, Gujarat, India
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Fig. 10 : Variation in Mangrove area from 1965-66 to 2010
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Fig. 8 : In the encircled area in 2006 image, mangroves have been affected by saltpan activities
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CONCLUSION
Remote sensing and GIS techniques helped in
assessing the mangrove coverage in the study
region spatially as well as temporally. It has been
observed that during the time frame 1965-66 to
2006 mangrove area has reduced by 11.38 sq km.
Most of the degradation took place around
Narayan Sarovar, Sindhodic Creek, Chukh Creek,
Kharia Creek and Godia Creek. The causes of
degradation seem to be dynamic coastal processes
occurring in the Indus deltaic environment over
45 years’ period and increased anthropogenic
influence. Changes in the coastal geomorphology,
in particular changes in mudflat regions in Sugar
Creek and Sindhodic Creek, and erosion near
Narayan Sarovar are observed to have caused
reduction of mangrove cover.  Development of
salt pan activities might have led to mangrove
depletion around Kharia and Godia Creek.
Mangrove cover in the study region has increased
during the time frame 2006-2010 by 8.26 sq km,
in particular in regions such as east of Sethwara
and Ogata bet. This might be because these areas
are relatively sheltered and less affected by the
influence of dynamic coastal processes and
anthropogenic activities.
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