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1. INTRODUCTION 

Introduction 

The term “mangrove” refers to a group of taxonomically heterogeneous 

woody shrubs and trees growing in the intertidal zone of tropical and subtropical 

coasts. Worldwide there are 114 species of true mangroves belonging to 66 

genera with species richness being greatest in the Indo-Pacific region (Tomlinson 

1986). Recently their distribution has expanded to some temperate regions 

(Krauss et al. 2008). India is one of the 15 most mangrove-rich countries having 

2.7 % of global total area of mangroves (Giri et al. 2011). Banerjee et al. (1989) 

and Naskar & Guhabakshi (1987) have reported 37 obligate mangroves and 32 

mangrove associates from the Indian Sundarbans. The multi-species floristic pool 

in the Indo-Pacific (with around 60 species) has greater physical stability and 

ecological resilience than the Atlantic Coast mangroves (Blasco et al. 1996). The 

mangrove physical environment can be characterized by relatively high salinity 

and temperature, diurnal tidal inundation, occasional storms, and muddy 

anaerobic soil. High salinity in mangrove soils can be a limiting factor for many 

mainland species subsequently reducing the competition (Kathiresan & Bingham 

2001; Kathiresan 2005; Lacerda et al. 2002). 

India has long coastal stretches of about 7516.6 km, including the Island 

territories. Total mangrove area of about 6,749 km, which is the fourth largest 

mangrove area in the world (Naskar & Mandal, 1999). These mangrove (69°E-

89.5°E longitude and 7°N-23°N latitude) consists of three distinct zones: East 

Indian Scenario 60 coast habitats having a coast line of about 2700 km, facing Bay 

of Bengal, West coast habitats with a coast line of about 3000 km, facing Arabian 

sea, and Island territories with about 1816.6 km coastline. In India, the states like 

West Bengal, Orissa, Andhra Pradesh, Tamil Nadu, Andaman and Nicobar Islands, 

Kerala, Goa, Maharashtra, and Gujarat occupy vast area of Mangroves. The area 

under mangroves in Gujarat is the second largest along the Indian coast, after 
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Sunderbans. Gujarat has about 23 percent of India's estimated mangrove cover of 

4.88 lakh ha. Of the total mangrove cover in the state, the coastal district of 

Kachchh covers almost 90%. Mangroves in India account for about 3% of the 

global mangroves and 8% of Asian mangroves (SFR 2009; FAO 2007). About 60% 

of the mangroves occur on the east coast along the Bay of Bengal, 27% on the 

west coast bordering the Arabian Sea, and 13% on Andaman & Nicobar Islands. 

Mangroves are spread over an area of 2 4,661.56 km along the coastal areas of the 

country. Mangrove cover has been categorized into very dense (canopy density of 

more than 70%), moderately dense (canopy density Gradual topography along 

the east coast is said to have an extensive intertidal expanse, which favors major 

formation of mangroves in the deltaic regions (Jagtap and Komarpant 2003). 

Globally half of all mangrove forests have been lost since the mid-twentieth 

century with one-fifth since 1980. Conversion into shrimp farms causes 25% of 

the total destruction, happening mostly in Southeast Asia and Latin America. Over 

the last 50 years, one-third of the world’s mangrove forests have been lost. 

Besides being of unique and characteristic beauty, swamps forests, and in 

particular mangroves, provide important direct and indirect ecosystem services 

(Ewel et al. 1998, Saenger 2002, Nagelkerken et al. 2008). In addition, even if not 

standing comparison with other tropical ecosystems, such as rainforests or coral 

reefs, in terms of species richness, swamp forests and mangroves are highly 

diverse ecological communities regarding structural and functional attributes 

(see e.g. Ricklefs & Latham 1993, Farnsworth & Ellison 1996, Saenger 2002, 

Ellison 2004). Nevertheless, wetland forests and mangroves all over the world 

are in great danger of degradation or extinction due to the overexploitation of 

their natural resources (e.g. Saenger 2002).  

Mangroves, nowadays, are becoming vulnerable to degradation and loss in 

different areas of the world. In the past several decades, numerous tracts of 

mangrove have been converted to other uses. Coastal development, aquaculture, 

pollution and overharvesting have led to loss of mangroves globally. Human 

impacts reduce the capacity of mangrove ecosystems to withstand other 
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environmental change such as erosion, severe storm activity, or sea level rise. 

They are today a global issue because more than 100 countries have mangrove 

resources (Spalding et al., 2010). Of the approximately 100 countries that have 

mangrove vegetation, around 20 have undertaken rehabilitation initiatives (Field 

1998) and establishing nurseries and replanting in degraded areas (Erftemeijer 

and Hamerlynck). 

Vegetation dynamics have been deduced from ordinations focusing on one 

time stamp (e.g., from principal component analysis by Hobbs and Grace, 1981), 

but these analyses create problems that can be overcome by repetitive analysis 

over time. Studies of the mangrove vegetation using aerial photography have 

shown that autogenous changes can occur in mangrove ecosystems (Dahdouh-

Guebas et al. 2000c). Since mangroves become increasingly threatened by various 

human impacts (e.g., ITTO 1993; Pernetta 1993; IUCN 1996); Farnsworth and 

Ellison (1997); Kjerfve et al. (1997) Dahdouh-Guebas et al. (2000a, 2000b, 2000c 

(in press), 2001)), there is a need to investigate the mangrove vegetation with the 

purpose of predicting changes in the future. Adverse alterations in vegetation 

structure could then be countered in time by various forms of human 

interference, such as artificial rehabilitation. In this study we investigate and 

compare the vegetation structure and composition from different vegetation 

layers of undisturbed and disturbed mangrove sites in Kenya and Sri Lanka using 

two ordination techniques. In order to interpret presence/absence and 

abundance data from different vegetation layers, we employed the use of 

detrended correspondence analysis and canonical correspondence analysis, to 

explore the comparability of species distribution in the different vegetation layers 

and to test the hypothesis that the environmental factors measured contribute 

significantly to the observed variability in the vegetation, respectively. In 

addition, we demonstrate how such an ordination study may reveal the 

vegetation structure dynamics test the underlying explanatory hypotheses, and 

allow for prediction of future vegetation changes. 
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Vegetation investigations have developed a greater dependence on remote 

sensing technology in recent years (e.g., Gang and Agatsiva (1992); Cohen et al. 

(1996); Ramachandran et al. (1998); Dahdouh-Guebas et al. (1999)), and 

‘reviews’ and ‘advances’ that emphasize and compare the potential of various 

remote sensing technologies, case-studies, and future applications are being 

reported (e.g., Rehder and Patterson (1986); Tassan (1987); Aschbacher et al. 

(1995); Blasco et al. (1998); Holmgren and Thuresson (1998); Hyyppa et al. 

(2000)). In contrast to this growing literature base, our study proposes a slightly 

different approach and creates a similar but non-mapped output using ordination 

techniques to provide new insight into the past, present, and future vegetation 

structure of mangrove forests. Of particular importance are predictive 

capabilities for mangrove degradation. Mangrove areas may well have a luxurious 

vegetation cover and thus be mapped successfully, in the field, and in particular in 

the youngest layers of the understory, the situation may be different compared to 

the past (Kairo 2001). In this present investigation we study the vegetation 

structure and composition from different coordinates of mangrove sites in Essar 

Bulk Terminal Limited, Hazira industrial vicinity by Most Likelihood Supervised 

Classification Algorithms (MLC) method LISS IV imagery classified in to different 

land use and land cover. In order to understand the present status of vegetation 

structure in different coordinates, we employed the LISS IV imagery, to explore 

the vegetation structure. In addition, we demonstrate how such ordination 

studies through LISS IV satellite imagery may reveal the vegetation structure 

dynamics to predict the future vegetation changes. 

1.1. Gujarat 

Gujarat is situated in the west coast of India, which is surrounded by 

Arabian Sea. In maritime states of India, Gujarat has largest coastal stretch 

around 28,000 km2 or longest coastline around 1650 km supports variety of 

marine flora and fauna. In terms of area cover, mangroves in Gujarat are second 

largest one, occurring an area about 936 km2 (FSI, 2005) and increasing up to 

1140 km2 in 2017 (FSI, 2017).This state has two gulfs out of three gulfs in India 
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and the coastal area is spread from south Gujarat (high rainfall area about 2500 

mm) to north- west of Kachchh (low rain area about 250 mm only). Different 

range of tides, waves, cyclones and currents in the sea affect the physical as well 

as the biological conditions of the marine ecosystem whereas clear cutting, 

hydrological changes, oil spills and climate change are creating more pressure on 

mangrove forests sites (Blasco et al., 2001). In Gujarat 1103 km2 area is under 

mangrove which includes 175 km2 moderately dense mangroves (15.86% of 

mangrove area of state), 928 km2 open mangrove (84.13%).  

1.1.1. Gulf of Khambhat 

Gulf of Khambhat is in the northern part of the Arabian sea has a width of 

80 km at mouth and funnels down to 25 km over the longitudinal reach of 140 

km. Entire banks surrounding the Gulf are bordered with large tidal flats nested 

into numerous tidal creeks. Ambika, Purna, Kim, Tapti, Narmada, Mahe, 

Sabarmati and Dhadhar rivers discharge into the Gulf. Mal Bank is a prominent 

sand shoal present at northern part of the Gulf. Middle part of the Gulf is deeper 

with depth ranging up to 30 m. Seabed in most part of the Gulf remains in quasi 

steady state and it moves as sand bars with tides. Bhavnagar Port is located on 

the western part of the Gulf. Many offshore oil, gas and chemical terminals exist 

and new installations are planned between Hazira and Dahej on the eastern part 

of the Gulf. On the other hand, the tides in the Gulf remain the largest of the Indian 

coast with spring tidal ranges of around 9 m and resulting in strong currents. Due 

to strong flood and ebb tidal currents, the water remains always turbid with high 

bed and suspended sediment loads. Studies of sand waves in the Gulf of 

Khambhat suggest formation under high-energy hydrodynamic conditions 

associated with the large tidal range (Vora et al. 1980). The sand waves, with the 

finer sediments concentrated at the crests, are derived from the coarse sediments 

supplied by the Narmada and Tapti rivers.  

 Distribution of mangrove cover in Gulf of Khambhat is around 85 km2 

constituting 8.12% of mangroves of Gujarat (1046 km2). Surat district where 
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Hazira is located has a mangrove cover of 17 km2 distributed in different small 

patches comprising dense and sparse mangroves. 

 The ESSAR group is a primary international player in the sectors of Steel, 

Power, Communications, Energy, Shipping Ports & Logistics, and Construction. 

ESSAR steel is a universal steel company with strong existence in intensive steel 

consuming markets in Asia and North America. It is India's largest exporter of flat 

steel with 14 MTPA (million tons per annum) of capacity. The company has a 

worldwide network of steel hyper-marts, service centres and customer care 

centres, and have investments in developing value-added products, like pipes and 

plates. 

1.2. Origin of the Study 

The natural mangrove patch is located between the port expansion area of 

ESSAR Bulk Terminal Limited (EBTL) towards northern side from seashore and 

western side from Tapi estuary. In order to ensure the ecological health status of 

this mangrove stand, Ministry of Environment, Forests and Climate Change 

(MoEF&CC) has directed EBTL to study the mangrove area through satellite 

imagery every year. In addition, conservation of this ecosystem by formulating 

management plan for the mangroves through scientific investigation. Therefore, 

EBTL approached Gujarat Institute of Desert Ecology (GUIDE) to study the long-

term temporal mangrove cover changes in the surroundings of EBTL through 

satellite imagery (LISS-IV). The present report mainly emphasizes the status of 

mangrove cover changes and ecological significance in the surroundings of EBTL-

Port. 
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1.3. Objectives of Study 

1. The specific objective of this study is to map the current extent of 

mangroves in the specified surroundings of EBTL facilities at Hazira and its 

time series (yearly) changes, if any, through GIS and RS.  

2. Monitoring of mangroves in the surroundings of EBTL area at Hazira 

through periodic (annual) assessment of the vegetation structure like 

density, growth, regeneration and recruitment capacity. 

3. Formulating an appropriate management measures based on the results 

for the sustained wellbeing and conservation of mangroves in the 

industrial vicinity of EBTL, Hazira. 

4. Pertaining LISS IV (MSS) ortho rectified imagery or equivalent data based 

on pre-monsoon periods is required to use for mangrove mapping study. 
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2. STUDY AREA 

2.1. Location 

 
 The study area is located on the bank of Tapi estuary on Kadiya Bet in the 

Gulf of Khambhat. Gulf of Khambhat is located at south to north position of the 

Arabian Sea on the western side of India among the Saurashtra Peninsula. Gujarat 

coast experiences one of the highest tidal amplitude; highest anywhere along the 

Indian coast (Figure 2.1). Due to its funnel shape and the semi-enclosed nature at 

the head, the tidal height increases tremendously towards upstream. The highest 

spring tide recorded at Gulf is 12.5 m, which is second highest tidal amplitude 

anywhere in the world. This high tidal amplitude, particularly in the upper Gulf 

has huge intertidal extent of about 1.5 to 5 km, probably widest along the Indian 

coast. The long-shore currents by means of low wave dominate the open coasts 

along the Arabian Sea. Nevertheless, due to exceptionally strong flood and ebb 

tides, powerful tidal currents with a speed of 3 to 4 knots dominate the flow. The 

maximum velocities of 6 knots associated with high wave energy occur during 

mid-tide. 

 The study site falls under the extent of co-ordinates (1) 21° 07’ 18” N, 

72° 65’ 12” E; (2) 21° 07’ 17” N, 72° 65’ 35” E;  (3) 21° 07’ 03” N, 72° 65’ 44” E;  

(4) 21° 07’ 09” N, 72° 65’ 46” E; (5) 21° 07’ 31” N, 72° 65’ 03” E; (6) 21° 07’ 45” N, 

72° 64’ 76” E; (7) 21° 06’ 90” N, 72° 65’ 47” E;  (8) 21° 06’ 55” N, 72° 65’ 42” E;  

(9) 21° 06’ 67” N, 72° 65’ 25” E; and (10) 21° 06’ 77” N, 72° 65’ 12” E; which is 

located in the vicinity of EBTL, Hazira as given in Error! Reference source not 

found.. It encompasses an approximate study area of 110.5 ha. Two prominent 

mangrove patches located within these co-ordinates. 
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Figure 2.1: Location map of the study area 

2.2. Climate 

The summer begins in early March and lasts until June. April and May are 

the hottest months, the average maximum temperature being 37 °C. Monsoon 

begins in late June. Surat city receives of about 1,200 millimetres of rainfall by the 

end of September, with the average maximum being 32°C during those months. 

October and November see the retreat of the monsoon and a return of high 

temperatures until late November. Winter starts in December and ends in late 

February, with average mean temperatures of around 23° C and insignificant 

rainfall. 

2.2.1. Tidal regime 

 The tide in the Gulf is mixed semi-diurnal type, with large diurnal 

inequality and varying amplitude, which decrease from north to south. While, 

unique position of Gulf of Kachchh (nearness to the Topic of Cancer), the coast 
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experience very high tidal amplitude; probably the highest anywhere along the 

Indian coast. Funnel shape and the semi-enclosed nature of Gulf lead to a 

tremendous increase in tidal height towards upstream. The maximum spring tide 

recorded is 12.5 m, which is second the highest tidal amplitude area   of the 

world. As a result, inter-tidal expanse is huge to the extent of 1.5 to 8 km, perhaps 

widest along the Indian coast. The Hazira mangrove area has bi-diurnal tidal 

regime (i.e. two ebb and flow tides per day). The funnel shape of the Gulf of 

Khambhat coupled with the resonance effect of exceptionally high tides. Along its 

eastern shore the mean spring high water range increases from 5.7 m. Tapi 

estuary experiences fairly high tidal ranges in the mouth segment due to its 

proximity to the Gulf of Khambhat. Marked changes in the tidal range and 

durations of flood and ebb phases, however, occur as the tide progresses along 

the length of the estuary. During neap, this decrease is from 2.3 m at Hazira to 1.7 

m.  

2.2.2. Currents 

Long-shore currents with low wave dominate the open coasts along the 

Arabian Sea. However, due to exceptionally high flood and ebb tides, powerful 

tidal currents. Maximum velocities of 6 knots associated with high wave energy 

occur during mid-tide. Currents in the Gulf, through tidal, are monsoonal in origin 

and dominated by barotropic tides (Unnikrishnan et al., 1999). The flow adjusts 

its directional orientation with the changing direction of wind affected by 

changing seasons of the year. The turnover residence times are quite short 

because of its shallow depth, large tidal amplitude and strong tidal current. 

Masson (1996) studied the wave-current interaction in a strong tidal 

current (up to 2 m/s). Wolf and Prandle (1999) reviewed the possible interaction 

3 mechanisms between waves, tides and surges and using measured data, the 

effect of depth and current changes particularly on waves and the effect of waves 

on tidal currents were studied. Guedes Soares et al. (2000) have confirmed that 

when a current meets a wave system, differences are observed in the distribution 

of the spectral energy of the waves. The wave– current interaction process in the 
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Southern North Sea was studied by Osuna and Monbaliu (2004) using a coupling 

scheme which allows the synchronous data transfer between a wave and a 

tide/surge model. In most of the earlier studies of currents were up to 2 m/s. In 

the Gulf of Khambhat, currents were more than 2 m/s and hence the interaction 

between waves and currents under such high currents were examined. 

2.2.3. Salinity 

 Salinity is an indicator of freshwater inflow in tidal waters and estuaries in 

particular.  Normally, seawater salinity is 35–36‰, which may vary depending 

on competition between evaporation and precipitation. 

 Flora and fauna inhabiting inshore and coastal waters generally 

acclimatized to a certain range of salinity where they thrive. Evidently, wide 

changes in salinity, such as in monsoon, can result in adoption with modification 

and dominance of selected species in the lower order while higher order biota 

may migrate.   

 The estuarine salinity varied over a wide range on the annual cycle. Due to 

the dominance of tide, the salinity at a given location varied depending on the 

state and stage of the tide even during monsoon except in the inner estuary, 

which was fully fresh water dominated. Due to the proximity to the river flow, the 

salinity variations were over a wider range in the inner estuary in the dry season. 

This also aided by Surat city sewage release in the upstream. 
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3. METHODOLOGY 

3.1. GIS and Remote Sensing 

 LISS 4Satellite imagery of pre-monsoon season procured from NRSC, 

Hyderabad was used for the present study. The procured imagery has a 

resolution of 5.8 m with UTM projection with spheroid and datum named WGS 84 

in UTM zone 43 north, which will meet the requirement of estimating the areal 

extent of mangroves within the earmarked co-ordinates and its present status. 

Supervised Classification method has applied to determine the present scenario 

mangrove area. The accuracy of Supervised Classification ascertained by ground 

truthing the delineated area. The details of the satellite imagery used for the 

study given below. 

Satellite Year Month Sensor Bands Pixel Resolution 

IRS-R2A 2018 13,May LISS 4 3 5.8 m 

3.1.1. Pre-processing 
 

 Pre-processing of satellite data including geometric correction, 

atmospheric correction and radiometric correction and clipping of the area has 

been carried out. The rectification operation aims to correct distorted images to 

create a more faithful representation of the original scene. It typically involves the 

initial processing of raw image data to correct for geometric distortions. 

Radiometric correction: Radiometric correction addresses variations in the 

pixel intensities (DNs) have not caused by the object or scene scanned. These 

variations include differing sensitivities or malfunctioning of the detectors, 

topographic effects and atmospheric effects. 

Geometric correction: Geometric correction addresses errors in the relative 

positions of pixels. These errors induced by sensor viewing geometry or terrain 

variations. Geometric correction was done based on Ground Control Points 
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(GCPs) and the image was re-sampled using nearest neighbourhood interpolation 

method. 

3.2. Supervised classification 

 Supervised classification can be defined normally as the process of sample 

of known identity to classify pixels of unknown identity. Samples of known 

identity are those pixels located within training areas. Pixels located within these 

areas term the training samples used to guide the classification algorithm to 

assigning specific spectral values to appropriate information class.  

 Preliminary surveys were conducted on the ground to collect training 

samples for different Land cover using Garmin GPS with the help of training 

sample, classification map was generated based on maximum likelihood 

Supervised Classification model and NDVI (Normalized Difference Vegetation 

Index) using ERDAS software.  

3.2.1. Land Cover classification for 2018 

 Land Cover classifications for May 2018 satellite image classified in to four 

classes: mangrove, saline soil, mudflat and other vegetation. 

3.3. Field work 

 Fieldwork is a very important part of the project. Fieldwork helps to check 

and collect most of the ground information required for mapping. 

 Reconnaissance field survey was undertaken to get be acquainted with the 

general patterns of land cover of the area. Different patches of mangrove area 

characteristics were recorded. The variation and tonal patterns observed in the 

ground truthing was recorded on the existing images. Traverses along all main 

roads, mangrove area, saline area, mud flat and other vegetation were made for 

ground truthing patterns and characters recorded in the image (Figure 3.2). 

Various features identified in the ground truthing were correlated with the image 

element and GPS observations obtained indifferent quadrates were 

superimposing on the satellite image (Figure 3.2).  
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Figure 3.1: Ground truthing data collection in the field by GPS. 

 The vegetation structure of the present investigation carried out at diverse 

representative sites of mangrove formations (near to Tapi estuary) within the 

industrial limits of EBTL, Hazira.  Generally, EBTL mangrove formations classified 

as dense, parse and younger class (Recruitment and Regeneration classes). 

Vegetation structure assessment carried out during low tides by quadrate method 

by laying plots of 10 × 10m. In total, 10 random sampling carried out in the 

mangrove formations of the EBTL Hazira at different landscapes like dense 

mangroves and sparse mangrove patches (Fig 4.7). In each quadrate, total 

numbers of mature trees along with the corresponding height, canopy dimension 

and tree girth-GBH data was recorded.  
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 In each quadrate in the dense patches, tree height (

 

Figure 4.9 : ) and girth at breast height (GBH) was measured. GBH of all mature 

trees taller than 1 m was measured (Fig. 4.11). To enumerate regeneration and 

recruitment classes, subplots of 1×1 m and 2×2 m were randomly laid in all the 

bigger plots of  

10 × 10m. The regeneration class includes germinating saplings less than 50 cm 

tall and recruitment class includes well-established saplings above than 50 cm 

height (less than 1 m). Density of mature trees, regeneration and recruitment 

class for each station was expressed as number per hectare (No/ha). 
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Figure 3.2: Shows typical photographs of various land-cover classes in study area. 
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Figure 3.3: Different Sampling Locations covered in the field  



MANGROVE MAPPING THROUGH SATELITTE IMAGERY IN THE ESSAR BULK TERMINAL LIMITED AT HAZIRA, SURAT DISTRICT, GUJARAT MAY 2018 

 

22 

 

4. RESULT 

4.1. Land Cover Mapping 

Land cover maps of the study area were prepared using satellite imagery (LISS IV 

May 2018), using supervised classification method. 

4.1.1. Land cover map in2018 

The land cover map based on supervised classification of LISS IV May 2018 given 

in . The area land-cover classification details listed in . The mangrove area of 

about 13.89 ha in year 2014, 20.46 ha in year 2015, 25.18 ha in year 2017 and 

37.26 ha in year 2018. The total mangrove cover of about 23.37 ha area has 

increased in the vicinity of EBTL Hazira, covering of recruitment and 

regeneration class mangrove as compared to year 2014. Mangrove area increase 

is dominates recruitment and regeneration class. 
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 Figure 4.1: Land cover classification map of the study area –May 2018 
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 As per this classification, different land cover categorise have been 

estimated. In EBTL industrial area constitutes 37.26 % of mangrove area, Saline 

soil is (13.56%), and other vegetation (5.58%) and Mudflat is 47.15% (Table 4.1 

& Fig 4.2). The mangrove cover changes from May 2017 to May 2018 are 

described by using LISS IV satellite imagery with comparison statistics (Fig 4.4 & 

4.5). 

Table 4.1: Land-cover Classification at EBTL Hazira 

No. Class Area (ha) Percent (%) 

1 Mangrove 37.26 33.71 

2 Mudflat 52.11 47.15 

3 Other vegetation 6.17 5.58 

4 Saline soil 14.99 13.56 

5 water 0 0 

Total   110.53 100 
 

Figure 4.2 : Classification area statistics May 2018 

 

 Figure 4.3: Area land classification Statistic at EBTL Hazira, Surat 
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          Figure 4.4 : Mangrove area changes from 2017 to 2018 
 
 

 

Figure 4.5 : Comparison Classification area statistics 
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4.2. Vegetation structure of mangrove 

 Mangroves are the most important salt tolerant trees of the intertidal areas 

(Kathiresan and Bingham, 2001). It is one of the most productive and bio-diverse 

wetlands on earth. Inhabiting the inter-tidal areas and estuary mouths between 

land and sea, mangroves provide critical habitat for a diverse marine and 

terrestrial flora and fauna. They normally grow poorly in stagnant waters and 

have luxuriant growth in the alluvial soil substrates with fine textured loose mud 

or silt. The diversity variability features of mangroves that occur within the 

inundated areas such as creeks, mudflats, salt-flats, or partially forested areas 

with dwarfed or sparsely distributed trees.  

Mangroves are being utilized for their wood construction, fuel, fodder, 

barks for tannin extraction, fruits and young shoots are used as vegetable, 

medicinal use, protection from natural calamities such as during Tsunami in 2004 

mangrove populated area in Tamil Nadu, Andhra Pradesh had negligible impact 

and people could also take shelter in the mangroves present at the Coringa 

Wildlife Sanctuary (WWF, 2005). The long coastlines and their mangrove 

vegetation have immense role in protecting coastal biodiversity. Mangrove 

ecosystem covered 47% world’s mangrove area with 85% world's mangrove 

species from different habitats having an important role in coastal biodiversity of 

30 countries that bordered the Indian Ocean (Kathiresan and Rajendran 2005). 

As many as 55 mangrove species belonging to 22 genera and 18 families have 

been recorded in the Indian Ocean region. Mangrove ecosystems are rich in 

biodiversity and harbor a number of floral and faunal species. They also act as 

nurseries for finfish, shellfish, crustaceans and molluscs. 

 Vegetation structure is determined by the species diversity, relative 

densities of constituent species, overall density of the stand, basal area that 

represents the size of the plant girth and height. The vegetation structure of 

mangroves provides an indication of its functional capacity, which has a bearing 

on fisheries, forestry and global climate due to its high carbon sequestration 

potential (Ong et al., 1993). The overall vegetation structure of mangroves forest 
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in EBTL Hazira vicinity was carried by the following important parameters like 

tree density, tree height, Girth at Breast Height and the regeneration, recruitment 

and frequency tree classes are represented. 

4.2.1. Mangrove Diversity: 

 During present investigation Avicenna marina was only recorded excluding 

other common mangroves of Gujarat like Rhizophora mucronata and Cereops 

tagal at EBTL Hazira area. Avicenna marina is only species was found in the 

industrial area which is similar to mangrove formation in the nearest coastal belt 

of Gulf of Khambhat. Mono-floral diversity of mangrove forest is very common 

among the coastal belt of Gulf of Khambhat (Fig. 4.5).   

 

Figure 4.6 : Shows the mono-species diversity (A. marina) at study area 

4.2.2. Mangrove Density: 

 An overall average mature tree density of about 3500 trees/ha was 

recorded in all the four matured sampled stands of EBTL Hazira. Mangrove tree 
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density of the present investigation was similar to tree density of previous years 

from 2014 to 2017. Approximately 100 trees per hectare have increased due to 

appropriate ecosystem support such as adequate tidal flushing, soil texture, soil 

salinity and tidal currents. The maximum tree density (4500/ha) was recorded at 

21° 04’ 09” N; 72° 39’ 14” E. Quadrate wise tree density of this year-2018 was 

higher than years 2014 & 2015 observation. The maximum mature tree density 

was recorded at 21° 07’ 03” N; 72° 65’ 44” E, which is positioned in front of the 

seashore. The sand deposition has increased significantly due to waves and water 

currents. During the present study, lowest tree density (2500 trees/ha) was at 21° 

07’ 17” N; 72° 65’ 35” E (Fig. 4.6). 

 

 

Figure 4.7 : Density of natural mangrove stands at EBTL Hazira. 
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Figure 4.8 : Analysis of mangrove density by using 5 x 5 m quadrate 

4.2.3. Tree Height: 

 During the present investigation, studied mangrove stands in different 

quadrates shows the significant variation in tree height (Fig. 4.8). Overall average 

height in various quadrates were ranged from 237 cm to 406 cm with an average 

of 321.7 cm. Quadrate-wise study, maximum height (495 cm) was recorded at 

quadrate (21° 07’ 17” N; 72° 65’ 35” E) and minimum height (101 cm) at quadrate 

3 (21° 07’ 03” N; 72° 65’ 44” E)(Fig. 4.9).  
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Figure 4.9 : Tree height measurement at ESSAR Hazira industrial area. 

 

         Figure 4.10: Variation of tree height in various quadrates at ESSAR Hazira 

 

 During the present investigation, about 4 quadrates shows the mean height 

ranges of 251 to 300 cm (Fig. 4.10). The overall height frequency in all the 

sampled location proved that majority mangroves were fall in the height range of 

151-200 cm. In quadrate 3, about 21 trees were fall under the height of 151 to 

200 cm at 21° 07’ 03” N; 72° 65’ 44” E.   
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Figure 4.11 : Tree height frequency in various quadrates at ESSAR Hazira 

 

4.2.4. Tree Girth (Girth at Breast Height-GBH): 

 Tree girth at all the sampled locations was measured with the help of field 

measuring tape and which expressed in centimetre. Girth of mangrove stand 

(GBH) studied at 4 various sampled plots ranged from 7 cm to 41 cm (Fig. 4.12). 

The overall average girth at various quadrates was ranged from 11 to 30.5 cm 

with an average of 23.87 cm. The maximum circumference of tree girth observed 

at quadrate-2 (21° 07’ 17” N; 72° 65’ 35” E).  

 

 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

0 - 100 101 - 150 151 - 200 201 - 250 251 - 300 301 - 350 351 - 400 401 - 450 451 - 500

Tr
ee

 H
e

ig
h

t 
Fr

eq
u

en
cy

 (
N

o
.)

 

Tree Height Ranges in Various Plots 

Quadrate 1

Quadrate 2

Quadrate 3

Quadrate 4



MANGROVE MAPPING THROUGH SATELITTE IMAGERY IN THE ESSAR BULK TERMINAL LIMITED AT HAZIRA, SURAT DISTRICT, GUJARAT MAY 2018 

 

32 

 

 

 

 

 

    Figure 4.12 : Tree Girth Measurement at ESSAR Hazira industrial area 

 

 
Figure 4.13 :  Variation of tree girth in different quadrates at EBTL Hazira. 

 

 Majority of tree girth fall under the frequency class of 10 to 14 cm range 

followed by 25 to 29 cm range. In quadrate 3, about 30 plants were fall under the 

girth range of 10 to 14 cm at 21° 07’ 03” N; 72° 65’ 44” E (Fig. 4.13).   
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Figure 4.14: Tree girth frequency in various quadrates at ESSAR Hazira 

4.2.5. Canopy Length (cm): 

 Canopy length of ESSAR Hazira mangroves at four different plots were 

ranged from 75 cm to 310 cm. The overall average canopy length at all the 

sampled location was varied from 147.25 to 262.5 cm with a mean value of 

204.87 cm (Fig. 4.14). The highest canopy length was observed at quadrate-2 (21° 

07’ 17” N; 72° 65’ 35” E) and lowest at quadrate-3.  

 

    Figure 4.15 : Variation of canopy length in different quadrates at ESSAR Hazira 
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 During the present study, overall canopy length frequency of mangrove 

ranged of 151 to 200 cm frequency class in all the sampled location at ESSAR 

Hazira (

 

Figure 4.9 :  4.14). In quadrate 3, about 25 trees were fall under the length of 101 

to 150 cm at 21° 07’ 03” N; 72° 65’ 44” E followed by 23 trees in 151 to 200 cm 

length range at quatrate-4 21° 07’ 09” N; 72° 65’ 46” E (Fig. 4.15).  
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Figure 4.16 : Canopy length frequency in various quadrates at ESSAR Hazira 

Canopy Width (cm): 

 Canopy width of the mangrove at all the sampled location was varied from 

61 cm to 260 cm. The overall average canopy width based on the average value of 

all the plots was 167.12 cm. During the present study, highest canopy width was 

recorded in quadrate-2 at (21° 07’ 17” N; 72° 65’ 35” E). The lowest value of 

canopy width was observed in quadrate-3 at 21° 07’ 03” N; 72° 65’ 44” E (Fig. 4.17 

& 

4.18

).  
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Figure 4.17: Canopy width Measurement at ESSAR Hazira industrial area 
 

 

Figure 4.18 : Variation of canopy width in different quadrates at ESSAR Hazira 
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 During the present study, canopy width frequency classes of mangrove 

stands ranged of 101 to 150 cm (

 

Figure 4.9 :  4.19). The overall canopy width frequency in all the sampled location 

was confirmed that most of mangrove tree at ESSAR Hazira were fall in the 

canopy width range of 101-150 cm. In quadrate 2, about 32 trees were fall under 

width range of 101 to 150 cm at 21° 07’ 03” N; 72° 65’ 44” E. 

 

Figure 4.19 : Canopy width frequency in various quadrates at ESSAR Hazira 
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4.2.6. Regeneration Class: 

 The average density of regenerating mangroves (saplings with a height of 

<50 cm) was 1,12,000 plants/ha, which ranged from 75,000 plants/ha to 

1,56,000 plants/ha (Table 1). This result shows that ESSAR Hazira industrial area 

has high regeneration capacity than any other natural mangrove stands of Gulf of 

Khambhat. During the present study, highest regenerative plants were observed 

(156000 plants/ha) at 21° 06’ 55” N; 72° 65’ 42” E, representing that ecosystem 

favorable for younger class mangrove formation. The overall average density of 

year 2018 regenerative plants was higher than previous year studies from 2014 

to 2017 (Fig. 4.20).  

Recruitment Class: 

 The overall average recruitment class recorded in the study area was 

38000 plants/ha, ranged from 24000 to 67000 plants/ha (Table 4.2). The overall 

average of recruitment class mangroves of year 2018 (38000 plants/ha) was 

higher than year previous year reports from year 2014 to 2017 (Fig. 4.20). The 

maximum recruitment class (67000 Plants/ha) was observed at 21° 06’ 55” N; 72° 

65’ 42” E (Table 4.2). 

 

    Figure 4.20 : Mangrove density changes in time series (yearly) at study area 
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The density of mature trees and younger classes (recruitment and 

regeneration) at ESSAR industrial vicinity shows that area has higher 

regeneration potential. The present study evident for the healthiness of mangrove 

ecosystem at EBTL Hazira. In addition, mangrove cover will be increased 

significantly in near future.  

 

Important Findings: 

 The mangrove area about 23.37 ha has been increased by covering of more 

recruitment and regeneration class mangrove as compared to year 2014 study 

report. However, sediment loads increasing drastically due to water current and 

high tidal amplitude within the industrial premises. The elevated sediment 

deposition may possible for thickness of the upper soil layer. High siltation on 

mangrove ecosystem may affect the growth performances of mangrove plant. 

High siltation not only influenced on mature trees, but also their seedlings 

encounter many troubles. High siltation perturbs the life cycle of mature trees 

and younger class mangrove, which leads to a faster decline of the forests and 

makes growth of plants more difficult. Photosynthesis of mangrove plants are 

severely declines when the atmospheric temperatures exceeds 35° C (Moore et 

al., 1973), it seems that temperatures are important regular of presence or 

absence on mangrove patches. The average atmospheric temperature of the study 

area in 2018 was 38° C, high siltation rate and poor tidal flushing in matured 

mangrove site shows that possibility for the disappearance of mangrove in near 

future. 

Table 4.2: Regeneration and Recruitment details of the sampling points 

GPS Coordinates Regeneration Class/ha Recruitment Class/ha 

Latitude Longitude 

21° 07’ 31” N 72° 65’ 03” E 75000 19500 

21° 07’ 45” N 72° 64’ 76” E 83000 52500 

21° 06’ 90” N 72° 65’ 47” E 137000 29000 

21° 06’ 55” N 72° 65’ 42” E 156000 67000 

21° 06’ 67” N 72° 65’ 25” E 128000 24000 
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21° 06’ 77” N 72° 65’ 12” E 93000 36000 

Average 112000 38000 

 

 

 

 

 

 

 

 

 

 

 

4.3. Potential Threats of Mangroves 

Stress on mangroves has increased due to the rapidly growing population, 

industrial development and urbanization. In addition, pressures on mangrove 

ecosystem by natural systems like erosion, sedimentation, natural disasters and 

poor tidal flushing due to blockages of creeks and channels. Anthropogenic 

pressure on mangroves coming from over exploitation, encroachment, 

reclamation of vast mangrove areas for industrial and residential development, 

and have altered the rate and nature of mangrove functions particularly in the 

last few decades. Even though mangroves have such important values, they were 

treated as unwanted plants used mainly as a source of timber and charcoal, which 

caused depletion during the last two decades. Recent surveys quote that 

deforestation is the cause, which destroyed about 44% and 26% of mangroves 

along the west and east coast, respectively (Upadhyay et. al., 2002). This caused a 

critical need for understanding the biodiversity of the mangrove ecosystems. This 
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ecosystem is a nursery for juvenile of economically important fish and prawn 

species. Great amount of detritus food supporting a variety of young fish and 

shrimps is generated from mangroves (Ingole 2005). In private areas, mangroves 

face severe threat due to the conversion of these lands for aquaculture, 

agriculture and other industrial developmental activities. In addition, reclamation 

near mangrove ecosystem causes severe damage to saplings and small mangrove 

plants in general. 

4.4. Threats and Pressures in general: 

 Parallel industrial and environmental development is challenging and the 

balance between both is generally referred as sustainable development. EBTL 

Hazira mangrove ecosystem is one of the rich mangrove ecosystems in Surat 

district. On the other hand, industrial development in terms of ports, vessel 

movement, and other coastal industrial development along with the local 

community dependence has imposed pressure on this mangrove ecosystem 

significantly. To delineate such quantities of threats and pressures for the 

mangrove patches in the EBTL limits, following five major threats/pressures 

were identified. 

i. Cutting: Isolated cutting remnants of stems at many sites evidenced the 

pressure of cutting or lopping of old/healthy mangrove from the area (Fig 4.21). 

Fisher folks and nearby villagers cutting the mangroves significantly for cattle 

fodder, fuel wood or fishing purposes.  
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Figure 4.21: Show cutting of mangrove in Mangrove patch 

 

Coastal erosion: 

The natural mangrove sites (close to water front area) at EBTL Hazira area 

severely affected by soil erosion due to the influence of severe tidal currents (Fig. 

4.20), which is very in Gulf of Khambhat. This ongoing natural process might be 

possible uprooting of many fully-grown 

and healthy mangrove trees on the 

mudflat periphery. Following actions are 

recommended for controlling erosion and 

check further uprooting of mangroves.  

 

Figure 4.22 : show natural coastal erosion near mangrove area 
 

ii.  Alteration in natural 

geomorphology: Changes induced by 

anthropogenic activities when 

persisting over a long period may 

hamper the healthiness of the 

ecosystem (Fig 4.21). Developmental 

activities in close vicinity may impacts 

the present ecosystem directly or 

indirectly. Some of the activities which alter the natural geomorphology of an 

area are change or blockage in natural flushing of tidal waters, dumping of waste 

material, constructing the road, structural changes within mangrove forest, etc. 
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Figure 4.23 : Show alteration in natural 
geomorphology in mangrove area 
 

Plastic and non- biodegradable 

debris: Dumping of plastic and non-

biodegradable debris in mangroves 

was recorded at many places of ESSAR 

Hazira mangrove vicinity (Fig. 4.22). 

This non-degradable solid waste may 

originate from human activities in this area and from the port rubbish. Tidal 

currents carry this solid waste to the interior of mangroves where they get 

trapped during the receding tide. A large proportion of this solid waste also 

originate from local fishing activities as evidenced by materials like discarded 

fishing nets, plastic sheets, nylon ropes, discarded water bottles, etc.  

 

Figure 4.24 : Show Plastic and non-biodegradable debris in mangrove area 
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5. CONCLUSION 

Mangrove Area:  The area has been measured by Remote Sensing and GIS 

techniques using pre-monsoon period satellite imagery. The satellite imagery 

shows that present mangrove area cover has increased 23.37 ha compared to 

year 2014 to 2018. Year-wise changes of mangrove cover have been also 

recorded (Table 5.1).   

Table 5.1: Year-wise mangrove cover at EBTL Hazira 

S.No Year Mangrove Cover ha 

1 2014 13.89 

2 2015 20.45 

3 2017 25.18 

4 2018 37.26 

5.1. Conservation Plan: 

 A close observation is required on pressures on these areas. Especially 

special attention will be undertaken on degraded mangrove patches.  

 Since these areas show high and healthy natural regeneration, plantation in 

this area should be avoided so as to allow natural extension of the 

developing forest.  

 The process of erosion is highest in the edges of natural mangroves (close 

to water-front) it could be controlled only by physical means by 

constructing appropriate civil engineering structures. Erosion control 

structures or constructing embankment of stones or any suitable material 

along the erosion site is strongly recommended if the problem is too heavy. 

The proposed embankment should be eco-engineering design with a gentle 
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slope of appropriate angle to the tidal action that will allow natural 

flushing while totally controlling erosion.  

 Rapid and short mangrove monitoring programs at a spatial interval of one 

year is to be instituted in order to keep track of changes that may happen 

due to further construction and developmental activities. EBTL has already 

generated considerable primary data on mangroves through various 

projects. Consolidating this data is sufficient on mangrove vegetation 

structure of EBTL Hazira; special attention could be paid to document area 

wise (dense/sparse mangroves) data on density, tree canopy, tree 

diameter classes, and stand dynamicsetc. This baseline information and 

further yearly monitoring program will enable the industrial authorities on 

the time series changes happening in the vegetation structure through 

LISS-IV satellite imagery.  

 Vast extent of natural mudflats (potential area for mangrove plantation) 

are present within the EBTL Port limits, it will be used for future mangrove 

plantation activities.  

 It is recommended that restoration amendments along with plantation 

could be suggested for future conservation activities. Identified 

scrubby/stunted stands facing inadequate tidal flushing, this restoration 

effort will yield better results rather than direct plantation. De-siltation of 

natural canals and enhancing tidal flushing rates through new canal 

formation that may increase the number of tidal days. Such alterations may 

render the scrubby patches to become a healthy mangrove. 

5.2. General Mangrove Conservation Plan: 

Apart from above discussed site specific and area specific measures, 

following are some of the conservative measures which can be implemented 

for proper conservation and management of Hazira mangroves; 

 Proper documentation of Hazira mangroves in terms of Potential 

Regeneration areas, areas under threat and Restoration areas is 
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required. The above mentioned areas should be monitored properly 

and updated effectively. This will prioritize the conservation and 

management actions.  

 PRAs (Potential Regeneration Areas) should be allowed to grow 

naturally and plantation should not be attempted in these areas.  

 In addition to mangrove plantation, a simplified restoration or 

rejuvenation of mangrove will cause the ecosystem to be healthier 

and ecologically viable. In many instances, restoration will yield 

better results than creating a new plantation. 

 Developmental activities or civil works should be avoided where 

sites close to mangrove ecosystem. Specially, alteration of natural 

habitat should not be done in buffer zone of mangrove ecosystem.  

5.3. Recommondation 

 Management of mangrove forest may use satellite data for monitoring the 

mangrove forest every two years. 

 The dense mangrove forest area should to thinning. The mudflat area needs to 

plant. The mangrove dense patch and young mangrove forest area need to 

restoration-oriented protection. 

 Promotion and continue policy to reforest which could be useful on wasteland 

(mud flat) in this areas. 

 Research to build and economic, and ecological with sustainable development 

of mangrove ecosystems. 

 Awareness should generate among local people about the advantage of forest 

in our surrounding. 
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