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Abstract 

The coastline of Pakistan comprises of five significant sites comprising of 
mangroves including Indus Delta which contains extensive mangroves zones 
and termed as the largest arid mangrove found globally. This study evaluate the 
current extent of mangroves along the Western edge of Indus Delta and 
provide the most recent forest cover assessment of mangroves. Moreover, this 
study identifies the changes occurred in forest cover from the years 2000 to 
2020. Landsat 5 Thematic Mapper (TM), 8 Operational Land Imager (OLI) and 
Landsat 7 ETM data were used for mangroves mapping through supervised 
classification method. The results displayed that total area of mangrove forest 
cover was nearly 279.094km², 395.77km², 306.58km² in the years 2000, 2010 
and 2020 respectively. This study indicates an increase in area of mangrove 
cover from 29% to 41% from the year 2000 to 2010. Regeneration of mangrove 
mostly took place around the southern region of the Indus Delta. The 
mangrove specie has decreased from 41% to 31% from the year 2010 to 2020. 
The major causes of this reduction were urban water and industrial pollution, 
over-fishing in Indus delta, freshwater diversion for agriculture, and 
overharvesting of mangroves by the local communities, coastal erosion and 
sedimentation. 
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INTRODUCTION 

Mangroves forests are the valuable ecosystem for marine and coastal life, found 
in the intertidal zones of tropics and subtropical regions of world. These play a 
vital role as barriers between land and sea and act as natural shield against land 
erosion, tropical cyclones, and disasters and protect the shoreline [1]. Mangrove 
forests act as a shield for coastal areas to cope with flood, which are often 
affected by oceanic waves or rainstorms. Mangroves are the most diverse and 
productive ecosystems on planet earth. These forests have unique 
characteristics; which can survive under harsh saline environmental conditions 
[2]. The favorable environmental conditions for growth of mangroves forests 
are muddy soil, enough rainfall and temperature ranging from 26-28ºC. 
Mangroves forests are beneficial for both human as well as natural environment 
[3]. The vegetated are useful habitats for estuarine species, fish, bivalves, 
crustaceans and birds providing them with food and protection. Nearly two 
million kilogram of the fish is produced with the support of mangroves and sea 
grass bed annually. Mangroves are also economically beneficial for local 
communities providing them with timber, fuel and fodder. Mangroves act as 
sink of carbon which grows in coastal areas to limit the outbreak of mosquitoes 
[4]. 

Mangrove forests are under the serious threat these days. During the last two 
decades of twentieth century, about 35% of the World mangrove forests 
disappeared. According to Splading 2006, the area under mangroves was 
estimated as 181000 km2 globally during 1997 [5].  According to Giri 2014, this 
area reduced to 137760 km2 in 2011 and then to 83495 km2 stated by Hamilton 
and Casey in 2016. Anthropogenic activities including coastal urbanization, port 
development, conversion to agricultural land and over exploitation of timber 
and aquaculture played a vital role in this decline. Growth in aquaculture 
resulted with 38% of mangrove loss globally [6, 7, 8]. 

The coastal belt of Pakistan is extended up to 1050 km2 in Sindh (350 km2 and 
Baluchistan (700 km2) [9]. About 97% of mangrove forests of Pakistan are 
located in the province of Sindh along the Indus Delta which cover about 
600,000 ha, stretched from Korangi Creek in the north to Sir Creek in the 
south. Indus delta consists of 17 major creeks along various minor creeks and 
widespread mudflats [10]. 

The survival of mangrove vegetation requires a continuous supply of water 
from sea to survive in the deltaic region. The raising vegetation is irrigated by 
tidal water which in 24 hours runs twofold over the islands [11]. Avicenna is the 
chief cultivated crop in the area, which is determined by the range of tidal 
water. The crops grow faster closer to creek but growth descends rapidly inside 
the island. It is believed that the Indus delta had about eight mangrove species 
in past, out of which four still thrive. About 95% of the mangrove species 
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found along the Indus delta which are Avicennia marina, Ceriop-stagaland 
Aegiceras corniculatumare [12]. IUCN and WWF have been actively involved in 
Sindh and Balochistan for the active rehabilitation and conservation programs 
of mangrove. From 1985 IUCN Pakistan, in cooperation with the Sindh Forest 
Department, has jointly executed mangrove restoration programs along the 
coastline of Sindh [13, 14, 15]. These rehabilitation programs are executed along 
the coast by the involvement of local community. The main objective of this 
research was to monitor mangrove cover (in both degradation/upgradation) 
along the coastline. 

Study Area 

The study site included Western side of Indus Delta, Karachi. It is located on 
the bank of Arabian Sea; the Delta is circumvented by elongated and slim 
creeks, mud flats and by the Arabian Ocean mangroves of the Indus Delta, 
which is the biggest mangrove forest ecosystems found in parched climate [16]. 
Port Qasim is located on the fringe of river Indus at thirty-five kilometers east 
in Karachi. Port Qasim is located on the northwest fringe of the Indus Delta 
(Figure 1). It is the second busiest port of Pakistan, controlling thirty five 
percent of the country's shipment (seventeen million tons annually) [17,18].  
About ninety percent of the external trade of the country is handled along with 
Port Qasim and Karachi Port. So, Indus delta is providing natural and 
economic benefits. 
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Figure 1. Study Area Map of Western Indus Delta, Karachi 

Data and Method 

Image Data 

Digital satellite data is freely available and downloaded from USGS website for 
the years 2000, 2010 and 2019 and layer stacking of spectral bands was executed 
[19,20]. 

Table 1. Satellite data acquisition details 

Image Acquisition Dates Satellite 

28-01-2000 Landsat 5 thematic Mapper TM 

20-01-2010 Landsat & ETM 

22-01-2020 Landsat 8 operational land Imager (OLI) 

Supervised Classification (Maximum Likelihood) 

After extraction of desired area, supervised classification (maximum likelihood) 
was performed in ARC GIS 10.3 to meet the requirements of research goals 
[21,22].With the help of classification tool bar Polygons were drawn for each 
sample object. The area was classified into major classes as Mangroves, Water, 
Mudflats and Sand. 

Signature files were created of these sample objects [23]and maximum 
likelihood classification technique was applied. In input raster field, image layer 
was added and in input signature file the created signature file was added[24]. 

Results and Discussions 

Current study evaluates the existing status and spatial distribution of Mangroves 
along the western part of Indus delta, Karachi. Land maps of study site were 
designed using pixel-based classification technique in ARC GIS 10.3 software. 
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Figure 2. Land cover classification of western Indus delta of year (2000), (2010) 
and (2020) 

Analysis of Land Cover Classes for the year (2000) 

The land cover map of the year (2000) shows the clear distribution of four 
classes of land cover including mangroves, water body, mudflats and sand 
(Figure 2). The statistical data calculated by the pixel-based classification gives 
the accurate description of land cover. According to which, the mangroves 
occupy 279.0944km² which is about 29.10% of the total area. Water is about 
215.22km² of the total area. Mudflats dominate with 405.183km² of the total 
area and sand covers about 59.36km². 

Analysis of Land Cover Classes for the year (2010) 

According to the pixel-based classification, mangroves covered 395.065km² 
area of study site which was about 41.27% of the total area. Water covered 
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about 349.065km² of the total area which was 36.40% of total area, Mudflats 
covered 71.966km² which was about 7% of total area and sand covered about 
142.079km² of the total area. 

Analysis of Land Cover Classes for the year (2020) 

The statistical data calculated by the pixel-based classification for the year 2020 
provides the accurate description of land cover. According to these statistics, 
the area covered by mangroves diminished up till 306.58km² of the total area 
which was about 31.97%. Water dominated with 374.43km² of the total area 
which was 39.04%, Mudflat occupied 251.76km² areas which was about 26.25% 
of total area and sand covered about 26.096km². 

This study used maximum likelihood classification technique for different land 
cover classes. The varying trends in land cover from 2000 to 2020 have been 
observed (Figure 2). This study indicates overall 12.17% increase in mangrove 
area from 2000 to 2010 while reduction phenomenon was observed about 
10.3% from 2010 to 2020. 

In 2000, mangrove area was 29.1% of the total area covered area, which was 
further increased up to 41.27% in year 2010 of the total area and then again 
decreased up to 30.97% of total area. The results further reveal that, the 
percentages land covers of mudflats and water also varies from 2000 to 2020. 
For this variation visual comparison of resultant classified images have been 
applied which shows clear differences between land cover classes for respective 
years. 

 

Figure 3. Bar graph of Land Cover Area Along Western Indus Delta 

Comparison of Land Covers (2000-2010-2020) 

The result of classified images showed that mudflats dominate the study area, 
approximately 42% of the total land is mudflats and 36% of the total area is 
water. The change detection illustrates the decrease in mudflats area and 
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increase in water area from 2000 to 2020. The analysis of the year 2000 
indicates that the total area of mangrove cover in the western side of Indus 
delta was about 279.0944km² ranging from Korangi creek to Khai Creek. In 
Landsat image of 2000, sand cover has also been classified with an area of 
about 59.36km². Other land cover statistics are given in Table 2. Landsat image 
of 2010 analysis show that the total cover of mangrove area was about 
395.7759km² and sand was142.07km². 

This approach represented an increasing trend in mangrove area from 2000 to 
2010 and a decreasing trend from 2010 to 2020. The changes in the expansion 
of mangrove were observed in 2010. Figure 3 shows the bar graph of Land 
Cover area Along Western Indus Delta. Most of expansion can be seen in 
southern part whereas in Northwest part of mangroves has not changed. The 
increase in mangroves vegetation in the above-mentioned year was because of 
natural regrowth along southern part. Human efforts were among contributing 
factors for the rehabilitation of mangrove plantation. But these days mangroves 
are under threat and continuously decreasing. The reasons behind this decrease 
are the climatic factors, anthropogenic activities, and the negligence of 
governmental institutions and over cutting of the specie by the local 
community. There is a need of replantation of the specie by the active 
participation of the locals and the governmental and non-governmental 
agencies for the rehabilitation of the mangroves. The huge area of mudflats can 
be used as potential rehabilitation sites therefore some vegetation efforts are 
observed in unfertile areas of mudflats. 

Conclusion 

Mangrove forests are most beneficial ecosystem of earth. It provides habitat 
and food to marine life, protects the shoreline from erosion and is home to 
many species. It provides social and economic benefits. In Pakistan mangrove 
forests are found in province of Sindh and Baluchistan. In Sindh 97% of the 
total mangrove are found along Indus River and in Baluchistan there is only 
3%. In this study the land covered by mangrove forest is analyzed at Western 
Indus delta to access the change in mangroves covered area and to evaluate the 
causes of the degradation of specie. An increasing trend in mangroves 
vegetation has been observed from years 2000 to 2010. The vegetation 
increased up to 12% of the total area during these years and then a decreasing 
trend has been observed from years 2010-2019.  Mangrove’s cover decreased 
up to 11% of the total area during these years. The causes of this degradation 
include reduced river flow, Sea water intrusion, Gradual increase in sea level, 
Marine and coastal pollution and erosion and meandering of creeks. 
Sustainability of these mangroves depends on the flooding from Indus Delta 
which acts as lifeline for their survival. 

Table 2.Land Cover Statistics of Indus Delta along Western Indus Delta 
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Land cover 
Classes 
 

Pixel Based 
Classification 
(2000)Area 
Percentage (km²)% 

Pixel Based 
Classification 
(2010)Area 
Percentage 
(km²) % 

Pixel Based 
Classification 
(2020)AreaPercentage(km²) 
% 

Net 
change 

Mangroves 279.094402       
29.10 

395.775923        
41.27 

306.58             31.97 189.89 

Water 215.229175       
22.44 

349.065464         
36.40 

374.43             39.04 189.86 

Mudflats 405.183777       
42.25 

71.966799            
7.50 

251.76          26.25 225.39 

Sand 59.368583         
6.19 

142.079249          
14.81 

26.096              2.72 -56.61 

Total 958.88               
100 

958.88                 100 958.88               100 ----------- 
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