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Abstract: 

GIS and Remote Sensing is a useful tool in 

studying and analyzing changes that are taking 

place in our environment. Marine ecosystem in 

Tubli Bay is of serious threat due to various 

human activities, such as land-fill, uncontrolled 

fishing, and the dumping of rubbish, sewage 

disposal and oil pollution. In these area there 

are many different types of vegetation seen like 

Mangrove, Sea grass abundance of green algae 

etc. 

In these study a vegetation mapping is 

generated to know what type of vegetation is 

present there and what are the effects of its 

defoliation.  

Image of Landsat 7 and 8, helped me in 

understanding the current coverage of 

vegetation present there in. For this we will be 

using ArcGIS for mapping along with an Image 

processing software. 

In this study, I analyzed historical Landsat 

imagery of Bahrain to examine how mangrove 

forest cover has changed from 2000 to 2015. 

Four classes were used based on spectral 

similarities: mangrove, water, non-mangrove 

vegetation, and residential/urban/barren land.  

Once mangrove areas were delineated a NDVI 

was performed to assess the health of the 

mangrove vegetation through time.  Specifically, 

I mapped the historical spatial distribution of 

mangrove forests, examined the land use/land 

cover changes to mangrove forest distribution 

change throughout the study area.  
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Introduction 

In the present years, the biological diversity has been seen to be of utmost interest. However, most 

of the studies are related to terrestrial systems, and therefore the knowledge of marine 

biodiversity is lagging behind from that of the land systems. Oceans covers about 70% of the earth 

and soft sediment habitats cover most of the bottom/inner part of the marine environments. These 

habitats play a vital role in the ecosystem processes such as recycling nutrients, detoxifying 

pollutants, dispersion and burial and secondary production. Human activities and its threshold are 

the primary cause of the recent changes to the marine biological diversity in coastal and sub-tidal 

areas. Therefore, it has become very much important and necessary to improve our knowledge in 

understanding of both bio-diversities in marine sediments and anthropogenic impacts that 

affecting these habitats in order to effectively and efficiently incorporate the conservation 

measures. 

 

Coastal habitats such as Coral reefs, Seagrass meadows, and Mangrove forests in particular are 

being lost at a very alarming rates.  Mangrove forests especially are one of the world’s most 

threatened tropical and subtropical coastal ecosystems which now becomes an endangered species 

and now matter of great concern for the whole universe. To many cluster of peoples/individuals, 

mangrove forests have the reputation as harsh swamp lands that are known to be the breeding 

grounds for pests such as mosquitoes and a lost opportunity for growth and hence is negligible.  

However, several studies around the world indicate that mangrove forests are very much important 

and necessary in the overall health of marine ecosystems and provide humans a number of goods 

and services. If it damaged, the loss of healthy mangroves may cause a domino effect to 

surrounding connected marine and terrestrial environments.    

 

Despite the importance of   Mangroves to the environment and in turn to the humans as well, they are 

currently experiencing widespread habitat   destruction.  Since 1980, Mangrove forests around the world are 

being lost rapidly at a rate of 2% per year (approximately). Worldwide, the total historical loss of mangroves is 

estimated approximately at the rate of 35%, making mangrove forests the most threatened major coastal 

habitat in the world. This pattern of mangrove destruction can be seen clearly in the Tubli Bay.  During the last 

few decades, Tubli Bay has witnessed a low fall in the overall health in the marine ecosystems off their coast, 

which have resulted in lower coral and fish abundances.  Mangroves provide cultural, ecological, and 

economic benefits, as well as physical protection during storms and hurricanes and other coastal calamities.   

 

This terrestrial/marine system and its associated resources are largely responsible for the 

development of the Bahrain economy. However, the economy threatens this diverse system, on 

which it depends, because of rapid development. Decisions on environmental policies are often 

complex and compounded further by a lack of knowledge on the amount and distribution of natural 

resources in Bahrain.  Delineating the quantity and quality of mangrove forest change through time 

will help facilitate how environmental policy needs to adapt to community concerns on the 

sustainability of their natural resource based tourism economy in the Kingdom.    
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Due to dense foliage and a concentration of growth, mangroves are relatively easy to identify, as 

compared with other tropical vegetation exist. Multi temporal studies of remotely sensed data are 

a widely used method for assessing changes in biophysical systems over the period of time. With 

the availability of historical Landsat data, it is possible to assess land cover change and long-term 

impacts on mangrove expansion/contraction and health related aspects. Important landscape level 

of environmental indicators can be extracted from Landsat data, including change in the size, 

configuration, and health of coastal habitats and vegetation cover. 

 

The goal of this research is to examine, using remote sensing techniques, how the quantity and 

quality of mangrove forest cover of Tubli Bay, has changed from the year 2000 to 2015.   

 

The specific objectives are as follows: 

1) To determine the spatial distribution of land-use/land-cover change from the year 2000 

to 2015 within the study area; 

2)   To analyze change of mangrove forests over time;  

              3) To display the effectiveness of geographic information systems and remote sensing as 

useful tools to document mangrove forest changes over time; and  

              4) To contribute to the knowledge of land-use/land-cover change patterns in mangrove 

systems.  

                                                                                                                                                                         
Study Area:       

Tubli Bay   

Country: Bahrain   

Coordinates: 26°11’N, 50°34'E   

Location: At the northeast corner of the main Island of the Kingdom of Bahrain, almost surrounded 

by the capital city Manama.   

Area: Approximately 2,500 ha.   

Altitude: Sea level.   
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Overview: A sheltered bay which covered with large areas of inter-tidal mudflats and the last 

remaining stand of mangroves and other important vegetation in the Kingdom of Bahrain; an 

important nursery and breeding area for fishes and prawns, and other marine animals and a staging 

and wintering area for thousands of migratory waterfowl, flamingos and other birds, but under 

considerable pressure and threat from urban and industrial development.   

Mangrove Vegetation of Tubli Bay: 

Mangrove forest ecosystems support a diverse flora and fauna and are the most productive plant 

among the marine communities in the world. Mangrove forests are comprised of facultative 

halophytic species that have the tendency to tolerate salt water of sea and oceans which other 

plants don’t have.  The word Mangrove is not a formal taxonomic term to describe a specific 

species of tree/plant, rather it is a term used to refer to woody plants, such as shrubs or trees, 

having specific physiological adaptations that allow them to thrive and resist in coastal areas 

exposed to seawater. 

Only one type of species of mangrove have been documented on Tubli Bay:  

The Black Mangrove (Avicenniagerminans), Black mangrove have idiosyncratic horizontal cable 
roots that are radiate from the tree and are usually found farther away from the water's edge of 
the sea. The trees grow straight from the bottom, attaining at a Height of 40 m and Averaging 20 
m and can be recognized by the small protrusions, extending 2 to 20 cm above the substrate, 
called pneumatophores that encircle the base of the tree.   

Usage and Functions of Mangroves: 

Mangrove forests support a number of Critical, Terrestrial and Marine ecological functions. 

Mangroves provide a major detrital base for food webs which allows these ecosystems to host 

large numbers of larvae and juvenile invertebrates. Mangrove root systems provide physical 

habitat, protected nursery grounds and spawning areas for a wide variety of Marine/Estuarine Fish 

as well as many other marine vertebrates and invertebrates. 

Due to the extensive root system of mangroves, it act as a physical barrier against ocean dynamics, 

that helps in numerous ways like to prevent coastal erosion by stabilizing sediments and protect 

the coastline from the impacts of high tides and storm surges. Destroying mangrove cover from the 

coastal areas may lead to increase the threat to human safety from erosion, flooding, storm surge 

and tsunami. Mangrove forests helps in improving water quality and clarity by filtering or trapping 

land-derived debris, nutrients, pollutants and suspended matter which helps to reduce turbidity 

and enhance water clarity.  

 

Methodology: 

A time-series analysis of change in the terrestrial habitats of Tubli Bay was conducted using Landsat 

7 and Landsat 8, Aster Data and ancillary data collected from various sources ranging from the year 

2000 to 2015. The total land area of Tubli Bay is 2500 hectare. Landsat 7 data was taken for 

studying vegetation for the year 2000 and Landsat 8 Data was taken for studying vegetation for the 

year 2015. Aster Image was used for reference.    
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Data Acquisition and Collection: 

The remotely sensed data used for this study are Landsat 7 and Landsat 8 imagery. All Landsat 

satellite data were downloaded via http://glovis.usgs.gov. Temporal resolution is a huge issue when 

trying to find the right satellite images to use. Data should be selected with corresponding 

anniversary dates.   

Anniversary dates are those dates that correspond with a season, month, or preferably week.  

However, anniversary dates for Tubli Bay are usually preferred from June 15 to August 15, 2000 

and June 15 to August 15, 2015.  The logical alternative would be to find images of the area in the 

same month or season. Since mangrove vegetation stays relatively unchanged there seemed to be 

no classification problems caused by date selection.  

 

Image Pre-processing: 

Geometric correction of the imagery is very much required because raw satellite imagery usually 

contain geometric distortions. These distortions should be corrected before the satellite scenes can 

be used as a geographically accurate map. The sources for these type of distortions include 

variations in altitude, sensor platform velocity, panoramic distortions, earth curvature, atmospheric 

refraction, relief displacement, and nonlinearities in the sweep of the sensor’s instantaneous field 

of view (Lillesand and Kiefer 2000). Systematic distortions, which used to be predictable, are 

corrected prior to addressing random, or unpredictable, distortions.  

Random distortions were corrected with the help of geometric correction and ortho-rectification. 

Ground control points (GCPs) are used to register the image data to a ground reference system. A 

Ground Control Point or GCP is “a location on the surface of the Earth that can be identified on the 

imagery and located accurately on a map”.  With an image to image correction algorithm, the 

Landsat image served as the geo-referenced base map by which all other Landsat scenes were 

image-to-image rectified.  The image-to-image correction process provided for the co-registration 

of scenes is a necessary step in change detection for preventing errors caused by mis-registration of 

scenes. 

 

Image Classification Scheme: 

The vast majority of mangrove research that use Landsat 7 and Landsat 8 use a simplified image 

classification schemes with broad categories. Classes were broken down into the categories of 

Water, Mangrove, Non-mangrove Terrestrial vegetation, and Urban/Barren Land. Once 

classifications were attained a further break down of the mangrove habitat was attempted by 

making a Normalized Difference Vegetation Index (NDVI). NDVI was being calculated for each 

mangrove area using the following algorithm: (band4 – band3)/(band4 + band3).  NDVI is a 

commonly used parameter and accepted as a parameter for evaluating an ecosystem’s health as 

NDVI can help to determine vegetation health and vigor, and is found to be highly correlated with 

crown closure, leaf area index, and other vegetation parameters. 

The sites with young and growing or mature mangroves with lush green cover showed greater NDVI 

values of 0.40-0.68 indicating healthy vegetation.  Mature forests under environmental stress 

showed low NDVI values of 0.38-0.40 indicating an unhealthy vegetation situation.  Similarly, all had 

similar results when using NDVI to represent the health of mangroves. 
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Field Visit: 

The Central Informatics Organization/ Information and e-governance Authority under Ministry of 

Interiors, Kingdom Of Bahrain, has organized field trip twice before the starting of my project and 

after the completion to get the overview and analyze the final output. 

  
Fig: 1 – Land Surface Temperature 

 

 With the help of Thermal Band from  the satellite 
Landsat7 and Landsat8, the above map was prepared 
and was very much useful and beneficent for the study 
of coastal and marine vegetation and its extend in an 
around the Tubli Bay. The model gives the accuracy of 
the vegetation (Mangrove) feature and with the help 
of it, we can clearly identify the different types of 
vegetation in the Tubli Bay. 
The greener parts of the map show the mangrove and 
clearly demarcate the water in light-blue and pink in 
land and settlement. The colour have been assign to 
each features, so as to distinguish among them easily.  
Band 7 in Landsat 7 and Band 11 in Landsat 8, given up 
the radiant energy at the time of the day when the 
data was captured. So, this helped me in 
understanding the features more precisely with full 
detail and with proper approximate accuracy. 

 

 
Fig: 2 – Land Use and Land Cover Map of Tubli Bay 

 

Land Use and land cover map of Tubli bay shows the 
extent of Marine vegetation. As the area progress, 
Marine Vegetation gets limited which is a matter of 
great concern. 

 
Fig: 3 – Slope Direction 

 
The region has been divided into four parts according to 
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Conclusion: 

The GIS and remote sensing techniques applied to this study showed that mangrove forests are 

decreasing from Tubli Bay at an alarming rate. Bahrain is a very small Island with limited resources. 

Along with the increase of urbanization there has been a drastic decrease in non-mangrove 

vegetation, mangrove vegetation and land lost to the ocean. Unsupervised classifications and NDVI 

analyses shows the health of vegetation of both mangrove and non-mangrove vegetation is on an 

overall decline over the 10 years period of time. More work is needed to assess Tubli Bay’s 

mangrove forest health. Tubli is coming under constant pressure and threat as it is one of the 

fastest growing destination for landfill and sewerage deposition. With mangrove resources 

providing the supporting goods and services that form the base of a healthy coral and fisheries 

ecosystem of which the citizens of Bahrain rely upon it would behoove the people of Bahrain to 

ignore an integral part to their livelihood. Altogether, often the environment takes a back seat to 

increase tourism development decisions and the destruction that comes from it. While it is to be 

expected that some damage to the environment may occur, therefore, efforts must be made to 

keep those damages to a minimum. In an effort to curb those damages, the community needs to 

know what has already happened. The techniques discussed in this research are a valuable asset in 

the analysis of present conditions of the mangrove habitats in the Tubli. 

The marine area of Tubli Bay, which hosts the last remaining mangroves in the Kingdom of Bahrain, 

has been reduced from to 25 to 12 Sq.km in 2008 due to intensive reclamation activities. These 

activities significantly destroyed mangrove stands and reduced their spatial distribution to 0.31 

Sq.km. As a small archipelago, habitat destruction due to intensive dredging and reclamation 

activities increasing, levels of sedimentation and pollution is a prime cause for bio-diversity loss and 

ecosystem degradation in coastal and marine environments in the Kingdom of Bahrain. Within a 

decade, approximately 237 million m3of dredged material were used to reclaim around 62 Sq.km 

of coast land shallow sub-tidal areas in Bahrain. Signs of environmental degradation in several 

ecosystems in Bahrain have been reported a loss of 10.2 km2 of seagrass beds on the coast of Tubli. 
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slope direction. With the help of this, it is seen where is 
the flow of water is. Looking into it proper policy making 
can be done and to check out the loop holes and come 
up with a technique or idea which can fulfill the proper 
availability of water holding capacity in the region. 
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