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  Abstract  

Quality of water in the lakes and reservoirs can be tested through remote 

sensing (RS) systems via spectral analysis. The integration of Geographic 

Information Systems (GIS) with RS provide an advanced method to analyze 

the quality of water. This integrated technique offers cost effective and 

quality solutions for research and analytical purposes. In this context, this 

paper presents a case study of water quality analysis from the Vembanad 

Lake, which is the Ramsar site of Kerala. A model to assess the water quality 

of the lake has been developed from the satellite images obtained from 

Google Earth Pro. Form the dataset, the spectral analysis is presented, which 

illustrates the quality of water in Vembanad Lake, through the optical 

properties of parameters viz. chlorophyll, total suspended solids and turbidity 

at various study points.  

 
 Keywords: Spectral analysis, chlorophyll, turbidity, remote sensing,     

Google Earth, Geographical information Systems. 
 

1 Introduction 
   

Water is essential for the living beings in this world. Quality of water in 

the lakes, reservoirs and rivers is a major consideration for environmental  

 
Journal of Green Engineering, Vol. 11 1, 1011-1020,.    
© 2021 Alpha Publishers. All rights reserved. 



 
 

 

 

                     1012  K A Mohandas et al. 

 

benefits. These areas suffer from environmental pollution due to the 

anthropogenic activities caused by fishing, boating etc. Lakes and reservoirs 

are the water bodies that may be natural or man-made. Natural lakes are the 

wetlands under Ramsar Convention and lies in the tropics and costal belts. 

Lakes are both freshwater lakes and brackish water lakes. India is a country 

which has huge number of lakes, reservoirs and rivers. In particular, lakes are 

widely available in both northern and southern peninsular parts of India. 

Lakes of these peninsular regions are different from each other. Due to the 

rapid development of industrial sector, climatic changes etc. these lakes are 

getting polluted to a greater extent. In order to assess the water quality 

several methods were used. These methods assess the quality though in situ 

measurement, laboratory analysis of collected water samples the biological 

characteristics.  

Conventional quality test methods provide precise results for the 

geographically specific locations in the water bodies. They are not good 

enough to assess the water quality of the total water body. Currently used in 

situ methods are time consuming Advancements in technology leads to the 

use of modern technical tools for water quality analysis. Remote Sensing 

(RS) and Geographical Information System (GIS) among those tools, which 

could give more accurate results. These technologies overcome the 

limitations of the conventional methods viz. more time consumption, 

excessive sampling, travelling and expensive laboratory analysis. Water 

quality monitoring through RS is very efficient [1, 3, & 12].  In these studies, 

the optical characteristics are addressed from the RS data. In lake water, the 

incoming solar radiation is absorbed by the scattered pollutants. This affects 

the color and transparency of the water. Analyzing these parameters, the 

quality of water can be easily assessed. Optical data analysis is an alternative 

method that result in low cost. It also provides the surface water quality 

conditions simultaneously for huge number of costal, lake and oceanic areas. 

These are the reasons that attract researchers to concentrate more on RS 

based water quality analysis.  

RS based schemes are widely used to estimate the pollution level of 

surface water [1, 5 & 9]). They use high resolution satellite images to 

monitor the water quality. From these images, the parameters viz. suspended 

solids, dissolved solids, turbidity, chlorophyll etc. can be observed. The 

observations help to depict the trophic grade of a marine ecosystem. Out of 

the parameters cited, chlorophyll and suspended solids are predominant and 

are active optical water quality parameters. They are available in all water 

bodies whose wavelengths are nearer to infrared [2 & 4]. In the research 

works carried out earlier, the studies were made on the polluted water bodies. 

In these studies, the drinking water sources, which are slightly polluted water 

bodies are not considered, as they may have low signal to noise ratio and 

weak optical characteristics. These are essential parts for managing water 

quality. [10 & 11] utilized the integrated hyper spectral remote sensing and 

Earth Resources Data Analysis System (ERDAS) Imagine 9.1 version along 

with in situ water samples and analyzed the quality.  
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2 Study Area 

 
 

 
 

                Figure 1Location of Vembanad Wet Land 

 
Vembanad Lake is a Ramsar Site depicted in Figure 1, is associated with 

drainage basins lying in the humid tropical region between 09°00’ -10°40’N 

and 76°00’-77°30’E. Owing to its uniqueness in terms of geology, 

physiography, hydrology, climate, land use fauna and flora, it turned into a 

wetland with International importance in November 2002. Rivers connecting 

Vembanad are monsoon fed, short, fast flowing and deep. The lake and its 

wetland include backwater and connecting Kol lands. Around 24,000 ha of 

wetlands is covered by the lake contributing over 50% of the state’s total 

back water. Vembanad lake eco system covers three districts of Kerala State 

i.e. Eranakulam at the north, Alappuzha at the south and Kottayam at the 

east. The northern zone of the lake has dominance of salt water and southern 

zone with freshwater. Both the zones are separated by Thanneermukkom 

bund. The width of the lake varies from 500 m to 4 km and has minimum 

width at the bund. Thanneermukkom bund was constructed by the year 1975. 

It prevents salt water intrusion and promotes double cropping of paddy. A 

cultivation area of 55,000 ha of low lying fields is served by this bund. The 

depth of the Vembanad lake rages from <1m to 12 m. Floods occur during 

monsoons and to check them, a spillway was constructed at Thottappally in 

1995. It assists for speedy drainage of water from the lake to the Arabian sea.  

Vembanad wetlands and the surrounding area has numerous fiscal values 

and functions as 1.6 million people live on this lake bank. It forms a social-

ecological system supporting people life [6-7]. It is a transitional ecologically  
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sensitive zone between the marine and terrestrial environments. Commercial 

fish and shellfish are produced in the lake at large population. Other fish 

varieties supported a=include marine fishes and shrimps.  The lake supports 

rice cultivation in Kuttanad – the rice bowl of Kerala state, spread over 1,100 

km
2
, which is a reclaimed portion of the lake. Directly or indirectly this lake 

and its surrounding areas feed large living population and serves their 

livelihood. Investigations made on this lake area, inferred that this lake can 

be used for mining, fishing, tourism and lime shell deposits. The surrounding 

lands are used for agriculture proposes to cultivate rice, plantation crops etc. 

and housing tourist resorts. These activities depend on the environmental 

integrity of the lake and its surroundings. Due to human interface and 

hydrological variations, the environmental conditions of the lake are 

suffering from drastic change. It affects the livelihood of the surrounding 

population. Fishery activities viz. practice of unscientific fishing with fishing 

nets of smaller mesh size, fishing during high tide etc. affects the endogenic 

system of the lake. Studies made earlier, reported that the primary reason for 

environmental pollution in the Vemanad Lake is due to the creation of 

Wellington Island. Also the buding works in Kuttanad area, Thotapally 

spillway construction to divert floodwaters of Achankovil, Pamba, 

Manimala, and Meenachil directly to the sea. The bund at Thanneermukkon 

prevents the salinity entry during summer season into the Kuttanad 

agricultural area [6 & 7]. The aforementioned interferences changed the flow 

pattern and the ecology of the lake turning it into unfavorable for livelihood. 

Owing to these reasons, this Ramsar Site – Vembanad Lake has been 

selected as the study area in this research work. 

 
3 Methodology 
 

Water quality assessment through RS and GIS includes the following 

methodology.  

Step 1: Collection of water samples 

Step 2: Shape file Creation 

Step 3: Database availability 

Step 4: Atmospheric correction 

Step 5: Conversion of excel values to points 

Step 6: Spectra development and analysis 

 

30 Water samples from Vembanad Lake are collected during the post 

monsoon session, last week of December 2020. Samples are collected from 

various locations and a few are shown in Figure 2. For these locations the 

image files are downloaded from Google Earth Pro.  
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Figure 2 Locations where samples are collected 

 

 

 

3.1 Google Earth Pro 
 

   

 
Figure 3 Google Earth Window 

 

 
Figure 4 Digitation of Vembanad Lake Boundary 
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Google earth is a geobrowser developed by Google to access satellite and 

aerial images. It also implicates topography, ocean bathmetry and other 

geographic data over the internet. It represents the earth as a three  

dimensional globe. Image of the Vembanad Lake, where samples are 

collected are marked in the Google Earth Pro inorder to download the dataset 

required for the model development. Figure 3 depicts the Google Earth 

window.  

In Google Earth Pro, locations can be explored using kml files. High 

resolution printing, saving of the images and ability to open Environmental 

System Research Institute (ESRI) shape files are the qualities that make the 

choice of Google Earth Pro for this research work. The shape file is created 

using Google Earth by entering the location details for which the data is 

required. Entering the location details provide the digitalization of the 

boundary of the study area. Figure 4 portrays the digitalized boundary of 

Vembanad Lake in Google Earth Pro. The digitalized shape file will be 

available in Keyhole Markup Language (kml) format.  

 

3.2 ArcMap 
 

ArcMap is the tool used to create maps, perform spatial analysis, manage 

the geographical data and provide the results. ArcMap accepts shape files of 

.shp format, so the available kml file has to be converted into .shp file and 

uploaded to ArcMap.  

 

3.3 Database Collection 
 

The data for the locations find in the ArcMap are downloaded from 

United States Geological Survey (USGS) agency. The data pertaining to 

sentinel-2 high spatial resolution images of the locations are downloaded. 

The resolution range of this sentinel-2 images are of the range 10 to 60 m 

over land and coastal waters.  

 

3.4 Atmospheric Correction 
 

The data downloaded may be imperfect. It has to be atmospherically 

corrected, such that the effects of atmospheric conditions are removed on the 

reflectance of the images obtained from satellites. This correction is carried 

out by sen2cor algorithm designed especially for sentinel-2 images as 

portrayed in Figure 5.  
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Figure 5 Atmospheric Correction 

 

After getting the reflectance values form the atmospheric correction, the 

sampled locations are converted into points in order to explain the reflectance 

values from those locations. This conversion is done as [er Geographic 

coordinate system – World Geodetic System (WGS) 1984. At the end of the 

conversion, the sampled locations are obtained as point values in 12 bands 

with different wavelengths as shown in Figure 6.  

 

 
Figure 6 Points of Sampled Locations 

 

3.5 Spectra Development 
 

These point values are loaded to the Snap software on the 

atmospherically corrected image to get the reflectance values of the 

pollutants. Loading those results in the spectral graph variation, which 

depicts the wavelength of various physical, chemical and biological factors 

available in the Water content that are taken from the sampled locations.  
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4 Results and Discussion 

 
Spectral reflectance is the measure of energy reflected at a specific 

wavelength. It is drawn as a graph between reflectance in % as a function of 

wavelengths [8, 13 & 14]. The generated spectral reflectance of the study 

area is shown in Figure 7.  

 

 
Figure 7 Spectral Reflectance 

 
The spectral reflectance demonstrates that the water quality varies with 

the wavelength. Optical water quality parameters like suspended solids, 

turbidity and chlorphyll are inferred from the spectral reflectance curve. The 

peak refelctrnace values at 440 – 490 nm indicates the presence of 

chloprhyll, 550-590 nm indicates the presence of total suspended solids and 

690 – 740 nm [15] refers to the turbidity of the water content.  

 
5 Conclusion 

Water quality analysis of Vembanad Lake has been attempted through 

the optical characteristics obtained form the hyperspectral images. The 

samples have been collected during post monsoon season and have been 

taken up for spectral analysis. The analysis inferred the presence of 

chlorphyll at 490 nm, total suspended solids at 590 nm and turbidiy at 740 

nm wavekegnths. These results infer that the spectral analysis method of 

analysing the water quality is simple and effective. 
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