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Abstract: 

This review paper classifies study on wetland ecosystems with a case example of Nal Sarovar Bird Sanctuary by using techniques of 

geoinformatics. Wetland provides several important services to human society and environment, but at the same time wetlands are 

ecologically very sensitive and adaptive systems. Wetlands are estimated to occupy approximately 6.4 % of the earth’s surface. The 

increase in rate of wetland loss and degradation has been caused by human impacts from a range of activities. Thus approximately 50 % 

of the world’s total wetlands have been lost. Wetland management is the only way that can mitigate wetland degradation in developed and 

developing countries. Wetlands are abundant in the Indian subcontinent and support a rich diversity of flora and fauna. It would not be 

an exaggeration to state that Gujarat is a land of wetlands. In Gujarat, the coastal and inland wetlands cover 35.8 % and 6.0 % of the 

total wetland area respectively in India. Waterfowl concentration seen in Gujarat during winters is of one of the highest in the country as 

the area falls on the migratory route of birds. Geoinformatics techniques like remote sensing and GIS has a long history of successful 

applications within the field of wetland ecology, using a multitude of satellite platforms and sensors. Nal Sarovar is located in Gujarat 

State covering area approximately 120 sq. km. Nal Sarovar is unique both in structural and physical characteristics. Nal Sarovar supports 

number of migratory bird species and local community, flora and fauna. Different studies revels that the Nal Sarovar Bird Sanctuary is 

under degradation due to different ecological factors and anthropogenic activities. 
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I. INTRODUCTION 

The term “wetland” appears to have been adopted as a euphemistic substitute for the term “Swamp” [1]. Wetlands are ecosystems that provide 

numerous functions to the environment as well as to humans. Wetlands were internationally recognized as significant ecosystems through the 

Ramsar Convention of 1971. Scientists have not agreed on a single commonly used definition of wetland. According to Lee (2005), wetland is an 

area in which the water table stands near, at, or above the land surface for at least part of the year to support aquatic plants [2]. Wetlands are also 

defined as “Areas that are transitional between terrestrial and aquatic systems, where the water table is usually at or near the surface or the land is 

covered by shallow water” [3]. Under the ‘Ramsar international wetland conservation treaty’, wetlands are defined as follow “Wetlands are areas 

of mars, fen, peat-land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, 

including areas of marine water the depth of which at low tide does not exceed sis meters” [4]. A National Research Council committee charged 

with investigating wetland definitions provided a reference definition [5]. 

According to Murthy et al. (2013), the main wetland habitats represented at each site can be broadly divided into three types as follow: 1) Coastal / 

Marine wetlands 2) Inland wetlands 3) Man-made wetlands [6]. Wetland provides many important services to human society and ecology, but at 

the same time are ecologically sensitive and adaptive systems [7]. Wetlands are sometimes described as the ‘kidneys of the landscape’ because 

they function as the downstream receivers of water and waste from both natural and human sources [8]. However, wetlands have been exploited 
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and this has led to loss and degradation of these important natural ecosystems. Gren et al. (1994) state that all wetlands are under threat from a 

variety of locally or regionally based human activities [9]. 

II. REVIEW 

A. GLOBAL STATUS OF WETLANDS 

Wetlands are estimated to occupy approximately 6.4 % of the earth’s surface, 30 % of which is made up of bogs, 26 % fens, 20 % swamps, about 

15 % flood plains, etc. Wetlands with a share of 0.0001 % among the global fresh water include swamps, marshes, bogs and similar areas and are 

an important component of ecosystem. The most recent estimate of global wetland area is in excess of 12.1 million km2, an area almost as large as 

Greenland. Around 93 % of total wetlands are inland systems, with 7 % being marine and coastal. Global areas of human made wetlands are small 

in comparison: reservoirs cover an estimated 0.3 million km2 and rice paddy 1.3 million km2 [10]. 

Estimates of global wetland extent have increased considerably since the 1980s, due largely to recent improvements in remote sensing and 

mapping methods; this is not a reflection of any real increase in the area of wetlands [10], but more a reflection of the fact that monitoring 

technologies evolved. The largest areas covered by wetlands are in Asia (32 % of the global area), North America (27 %) and Latin America and 

the Caribbean (16 %). Wetlands areas in Europe (13 %), Africa (10 %) and Oceania (3 %) are smaller [10]. The research revealed that in the last 

two hundred years, approximately 14 % of wetlands have been converted to other land uses such as agriculture, residential complexes and 

industrial areas [11]. 

 

 

 

 

 

Fig. 1 Regional distribution (%) of wetland area [10] 

B. VALUE OF WETLANDS 

Wetlands are generally thought to be among the most fertile and productive ecosystems of the word [11]. Wetland ecosystems are important 

sources of natural resources upon which many rural communities depend. Mulamotti et al. (1996) state that values of wetlands varies from 

community to community [11]. These ecosystems provide food, energy, medicine, building material, dry season grazing and transportation for 

large human populations [12]. Wetlands preserve water quality, functioning as living filters by removing nutrients and sediments from surface and 

ground waters [13]. A preliminary survey of Ramsar sites found that approximately 30 % of the sample had archaeological, religious, historical or 

cultural significance at both local and national level. Wetland plants and vegetation have capacity to phytoremediation of heavy metals, pollutants, 

suspended solids and pathogens. Turner and Jones (1991) claim that the benefits and values of wetlands extend beyond the boundaries of the 

wetland itself [14]. 

C. THREATS TO WETLANDS 

All wetland types are very sensitive to alteration or disturbance in their hydrologic regime. These threats are superimposed on a myriad of 

anthropogenic disturbances such as dredging and filling, water diversion, and degraded water quality [15]. With increased demands for irrigation 
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water and public water supplies, groundwater drawdown also poses a great threat to wetlands. Such disturbances directly influence plant, 

invertebrate, and fish communities, food chain, trophic structure, and productivity. The introduction of invasive species (e.g., Phragmites, purple 

loosestrife, or water milfoil) poses a threat to many wetlands, particularly those wetlands which are experiencing other types of anthropogenic 

disturbances such as water level alteration or increased nutrient loading [16]. 

Conversion of wetlands for commercial development, drainage schemes, extraction of minerals and peat, overfishing, tourism, siltation, pesticide 

discharges from intensive agriculture, toxic pollutants from industrial waste, and the construction of dams and dikes, often in an attempt at flood 

protection, are major threats to wetlands everywhere. Some ecological or natural factors also affect the wetland ecosystems like flooding, droughts, 

climate change etc. 

D. WETLAND DEGRADATION AND LOSS 

Wetlands ecosystem occupies about 6 % of the global land area and are among the most threatened of all environmental resources [17]. The over-

utilization and exploitation of wetlands in both developed and developing countries have led to loss and degradation of these precious ecosystems. 

Ramsar Convention states that wetland loss is the degradation of a wetland due to conversion to a non-wetland area. Wetland degradation is the 

damage of wetland functions due to human activity, for instance pollution. In spite of important progress made in recent decades, wetlands 

continue to be among the world’s most threatened ecosystems, owing mainly to ongoing drainage, conversion, pollution, and over-exploitation of 

these resources [18]. 

Approximately 50 % of the world’s wetlands have been lost. The densely populated regions of Europe, Asia and North America have lost or 

severely degraded more than 80 % of their natural wetlands [19]. The analysis was coordinated by the NASA (National Aeronautical and Space 

Administration) research contract to detect changes and loss using change detection techniques on satellite images. The GWO concludes that: 

approximately 35 % of the world’s wetlands were lost during 1970-2015, with annual rates of loss accelerating from 2000. The GWO report 

estimates that up to 40 % of the world’s species live and breed in wetlands, and more than 25 % of all wetland plants and animals are currently at 

high risk of extinction and 81 % of inland wetland species population and 36 % of coastal and marine species affected [20]. UN Environment 

World Conservation Monitoring Centre to develop a Wetland Extent Trends (WET) Index based on sample of wetlands to monitor wetland loss 

and degradation. 

The annual rate of wetland loss estimated by the WET Index is -0.78 % a year; which is 3 times faster than the average annual rate of loss of 

natural forests (-0.24 % a year) Between 1990 and 2015. Rates of natural wetland loss have increased from -0.68 to -0.69 % a year between 1970 

and 1980 to -0.85 to -1.60 % a year since 2000 [21]. 

E. WETLAND CONSERVATION AND MANAGEMENT 

Wetland management is the only practice that can mitigate wetland degradation in developed and developing countries. Many communities and 

international organizations have found a way of encouraging wetlands management. For example the Ramsar Convention uses the wise use 

concept as a wetland management tool for the member states and wetlands of international importance [22]. Conservation is recommended to 

manage the rate of change in ecosystems [14]. Dixon and Wood (2001) describe how indigenous knowledge has been integrated in wetland 

management policy in South-Eastern Ethiopia [23]. Clearly wetland management, conservation and restoration is the answer to many degraded 

wetlands in developing countries due to the fact that many local communities rely on wetlands for their livelihoods. The exclusion of communities 

in managing and conserving wetlands may lead to further exploitation leading to wetland loss. 

Ramsar Convention on Wetlands (1975) is one of the major steps towards the wetland conservation and management. As of January 2016, total 

169 contracting parties are assigned with Ramsar Convention on Wetlands. Approximately 2200 wetlands around the world are designated for 

‘Wetlands of International Importance’ for special protection as Ramsar Sites [24]. Different techniques of geoinformatics like remote sensing and 

GIS can be helpful in monitoring of wetland ecosystems and preparation of the management strategies.  
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F. WETLANDS IN INDIA 

Wetlands are abundant in the Indian subcontinent and support a rich diversity of flora and fauna. The region possesses a wide range of wetland 

type, distributed amongst almost throughout the country. By virtual of its geographical position and varied terrain and climatic zones, it supports a 

rich diversity of inland and coastal wetlands.  

The available estimates about the areal extent of wetlands in India vary widely from a lowest of 1 % to a highest of 5 % of geographical area, but 

do support nearly fifth of the known biodiversity [25]. As per the: Country report of Directory of Asian Wetlands [26] and the Directory of Indian 

Wetlands 1993 [27], the real spread of wetlands in India was around 58.3 m ha But, Paddy fields accounted for nearly 71 % of this wetland area. 

However, as per the Ministry of Environment and Forests (1990) estimates, wetlands occupy an area of about 4.1 m ha, but it excludes mangroves 

[28]. The first scientific mapping of wetlands of the country was carried out using satellite data of 1992-1993 by Space Application Centre (SAC), 

Ahmedabad. This inventory estimated the real extent of wetlands to be about 7.6 m ha [29]. 

National Wetland Atlas 2011, prepared by SAC, is the latest inventory on Indian wetlands, Entire country was considered for assessment and a 

total of 201,305 wetlands were identified and mapped on 1:50,000 scale [25]. In addition, 555,557 wetlands (area < 2.25 ha, which is smaller than 

minimum measurable unit) were identified as point features. As per the estimates, India has about 757.06 thousand wetlands with a total wetland 

area of 15.3 m ha accounting for nearly 4.7 % of the total geographical area of the country. Out of this, area under inland wetlands accounts for 69 

%, coastal wetlands 27 %, and other wetlands (smaller than 2.25 ha) 4% [25]. In terms of the proportion of the geographical area, Gujarat has the 

highest proportion (17.5 %) and Mizoram has the lowest proportion (0.66 %) of the area under wetlands. 

 

 

 

 

 

 

Fig. 2 Average area under different wetlands, India [28] 

G. WETLANDS IN GUJARAT 

It would not be an exaggeration to state that Gujarat is a land of wetlands. In other words the state bounds in wetlands. Rivers and coastal wetlands, 

the saline and arid Ranns, thousands of man-made reservoirs, tanks and pools, dot the map of Eastern and Northern Gujarat. Gujarat is located on 

the Tropic of Cancer (Lat. 2006’ to 2407’ N and Long. 68010’ to 74028’ E) [30]. Gujarat falls in the sub-tropical climatic zone and has a varied 

climate and climatic regions.  

Oswin D. Stanley, (2004) states that, most of the ground water resource is concentrated in the unconsolidated formation, covering about 40 % of 

the area of the state [31]. Gujarat is best owed with one of the most diverse kinds of wetlands in the country including mangroves, coral reefs, 

beaches, mudflats, tidal flats, flood plain systems and fresh water lakes and reservoirs. As per the study by SAC (ISRO) and BISAG, total 14183 
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wetlands have been mapped at 1:50,000 scale in the state. In addition, 9708 small wetlands (< 2.25 ha) have also been identified. Total wetland 

area estimated is 3474950 ha, which accounts for about 17.56 % of geographical area of the state. The major wetland types include Intertidal mud 

flats (2260365 ha), River/Stream (275877 ha), Reservoirs/Barrages (248979 ha), Creeks (149898 ha) and Salt Marsh (144268 ha) [30]. Some of 

the unique wetlands like corals and mangroves are found in Gujarat state. 

 

 

 

 

 

 

 

 

Fig. 3 Type-wise wetland distribution in Gujarat [30] 

Region-wise and district-wise distribution of wetland is described and documented by Garg et al. (1997) [32]. In Gujarat, the coastal and inland 

wetlands cover 35.8 % and 6.0 % of the total wetland area respectively in India. Coral is one of the special wetland types found only in the districts 

of Jamnagar lying in the Gulf of Kutch and the area occupied by it is around 33,547 ha, scattered over 50 sites. Mangrove is another special 

wetland type found in 13 districts, covering an area of 90,475 ha. However maximum mangrove area is observed in Kutch district having 50,197 

ha. 

Waterfowl concentration in Gujarat during winters is of one of the highest in the country as the area falls on the migratory route of birds. Migratory 

birds from Europe and Asia enjoy the varied habitats of Gujarat. Gujarat has five important bird sanctuaries, Nal Sarovar Bird Sanctuary being one 

of them. The other bird Sanctuaries are Thol, Khijadiya, Porbandar and Gaga Indian Bustard Sanctuary. 8 wetlands of national conservation 

significance have been identified and notified by the Ministry of Environment & Forests, Government of India for their conservation in partnership 

with the local communities [33]. 

H. APPLICATIONS OF REMOTE SENSING & GIS IN WETLAND STUDY 

Remote sensing and GIS has a long history of successful applications within the field of wetland delineation, using a multitude of satellite 

platforms and sensors. To conserve and manage wetland resources, it is important to have inventory of wetlands and their catchments. The ability 

to store and analyze the data is essential. Digital maps are powerful tools to achieve this ability. Development of technologies like Geographic 

Information System (GIS) has enhanced the use of RS data to obtain accurate geospatial database. 

Not only data on a particular wetland and its composition can be analyzed in GIS environment but also its catchment characteristics such as land 

use, land cover, geomorphology, sols, socio-economic data etc. can be integrated to arrive at management plans compatible with its ‘wise use’. 

However many other satellite platform sensors have been used for the remote sensing of wetlands including Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER) [34], and System Probatoired’Observation de la Terre (SPOT) [35]. Most common image 
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classification technique for the identification of wetlands is pixel based supervised or unsupervised classification using the Maximum Likelihood 

Classifier (MLC) [36]. Recent advances in hyper spectral imaging offer enhanced potential to map wetlands or wetland species composition and 

biomass [37]. 

The application of more complicated algorithms such as Spectral Angle Mapping (SAM), Support Vector Machine (SVM), Neural Network (NN) 

and rule-based classifiers has increased the accuracy of wetland monitoring. For the remote sensing of wetlands, image segmentation and object 

oriented classification has shown improvements of accuracy over traditional classifying techniques [36]. First scientific mapping of wetlands of 

India was carried out during 1992-93 by Space Application Centre (ISRO), Ahmedabad. Space Application Centre has carried out many pilot 

projects for development of GIS based wetland information system and Lake Information System. Rani et al. (2011) carried out wetland 

assessment and monitoring using image processing techniques for a case study in Ranchi (Jharkhand), India [38]. Manu et al. (2005) carried out 

mapping and characterization of inland wetlands using remote sensing and GIS [39]. 

Bhavsar et al. (2014) carried out identification of wetland vegetation by supervised classification of Nal Sarovar area using LISS-III Data [40]. 

Desai et al. (2018) studied applications of geospatial techniques for conservation of wetlands and its corresponding avifauna of Thol Bird 

Sanctuary [41]. Desai et al. (2018) carried out study on Correlating climatic shifts and land use land cover change impacts on wetland ecosystems 

using remote sensing in a case study of ‘Nal Sarovar  Bird Sanctuary’ [42]. 

I. NAL SAROVAR BIRD SANCTUARY 

Nal Sarovar is located in Gujarat State. The geographical location is 71º92' E and 72º40' N [43]. The whole area is spread out into two districts- 

Ahmedabad and Surendranagar. Nal Sarovar area falls in 4B- Gujarat-Rajwara Province of the semi-arid biographical area. It falls under ‘Sardar 

Sarovar’ command area. The legal area of sanctuary is 120 sq. km declared under the Wildlife (Protection) Act, 1972 [43]. Since 1982 State Forest 

department if Gujarat state is protecting 120.82 sq. km of the wetland as bird sanctuary. It is the only Ramsar site in Gujarat. 

The natural and seasonal spread of Nal Sarovar is of irregular shape. The most of part is shallow and muddy. Nal Sarovar is unique both in 

structural and physical characteristics. It has two main inlets which is Brahmani river in the north and Wadhavan Bhogavo near its south-west 

border. There are more than 300 elevated plateaus in the basin locally called ‘Bet’ or ‘Thalias’ meaning islets as they remain above the water 

surface which provide support to varied types of vegetation, shelter and nesting sites for various migratory birds. It provides feeding, resting and 

roosting habitats for a variety of migratory birds during winter and marsh inhabiting birds.  

The peripheral and surrounding area of this lake is dominated by cropland, fallow land and wasteland. The trees are mostly Prosopis juliflora and 

also Salvadora species. Main agricultural crops are wheat and rice whereas main cash crop is cotton, jowar and bajara, are also grown here. The 

Nal Sarovar area supports over 306 species of birds out of which 4 species are listed as schedule 1 of the Wildlife (protection) Act, 1972 [43]. 

Nirmal Kumar et al. (2007) studied anthropogenic pressure of Nal Sarovar Bird Sanctuary [44]. Chatterjee et al. (2015) studied diversity of early 

winter migrants and resident birds in Nal Sarovar [45]. GEER (1998) carried out environmental impact assessment of Sardar Sarovar Project on 

Nal Sarovar Bird Sanctuary. Kalavanti and Bharat (2018) studied diversity, local distribution and occurrence of Dragonflies and Damselflies 

(Odonata: Insecta). Kumar (2009) studied the fauna of the area. Tatu (1995) carried out ecological study of Nal Sarovar with an emphasis on its 

floristic & avifauna profile using satellite remote sensing technique. Murthy et al. (2012) carried out monitoring of structural components and 

water balance as an aid to wetland management using geospatial techniques for Nal Sarovar. 

As the all studies carried out in the past revels that Nal Sarovar is facing high risk of degradation and habitat loss. Different studies indicate that 

Nal Sarovar is suffering from high amount of pollution due to some environmental and especially anthropogenic activities. The comparison show 

that the number of migratory birds in the Nal Sarovar is decreasing year by year due to habitat loss and increased human interference. The physic-

chemical analysis of water and soil indicates the excessive amount of pollutants and poor wetland health. The reasons behind this includes 

ecological factors like drought, floods, disturbed food chains etc. and anthropogenic factors like industrialization, deforestation, construction, 
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urbanization, increased human interference, use of pesticides, industrialization, conversion of wetland area into fallow or open land etc. All this 

review studies indicates that Nal Sarovar Bird Sanctuary needs immediate steps for wetland conservation and restoration.  

III. CONCLUSION 

The present review has attempted to have a thorough understanding about wetland ecology, status of wetlands, values of wetlands, threats to 

wetlands, wetland loss and degradation, wetland management and conservation. The review has attempted to understand the ecology and present 

status of Nal Sarovar Bird Sanctuary. The review clearly indicates that geoinformatics techniques like remote sensing and GIS is more effective 

methods to study about wetland ecosystem than classical methods. The present review indicates that not many studies were done in the past using 

remote sensing and GIS in India, Gujarat and Nal Sarovar Bird Sanctuary. More wetland studies are needed using different geoinformatics 

techniques to understand wetland ecology more deeply. The review study indicates high risk of degradation and habitat loss of Nal Sarovar Bird 

Sanctuary. The Nal Sarovar needs some immediate conservation and restoration steps. 
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