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 The Land use/Land cover pattern of a particular region is an outcome of 
physical and socio-economic factors and their utilization by human beings in time and 
space. In the present study an attempt has been made to estimate the changes in Land 
use/Land cover of in and around the Kolleru lake area. The land is becoming a scarce 
resource due to the immense aquaculture, agricultural and demographic pressure. If 
this trend continuous in future the lake may soon disappear. The changes that are 
placed during tenure 2000 and 2010 in and around the Kolleru lake area have been 
studied, using high resolution data from satellite. The result was carried out by 
Remote Sensing and GIS approach using SOI toposheets, Landsat imagery of 2000 
and IRS-P6-LISS-III 2010. The area under aquaculture, agriculture and other adjacent 
land has been estimated and presented. Aquaculture tanks have been decreased from 
23.90% to 19.50% during 2000-2010 with a net decrease of 4.40%. Cropland was also 
decreased from 66.50% to 56.60% with a net decrease of 9.90% during above said 
tenure. But harvest land and others were radically increased 11.10% and 3.20% 
respectively within this decade. The causes for these fluctuations have been discussed. 
Thus there are some difference detected in LULC, it does not show any considerable 
ecological influence on the study area. 
KEYWORDS: Land Use/Land Cover, Change Analysis, Remote Sensing Techniques 
 
Introduction:   

Kolleru is one of the largest shallow freshwater lakes situated in Krishna and 
West Godavari districts of Andhra Pradesh. Agriculture was practiced on then lake 
surrounding areas. During the aqua boom in the decades of eighties and early nineties, 
the lake underwent phenomenal changes leading to disastrous environmental changes 
and irreparable damages. If this trend will continues in future the lake may soon 
disappear. In the present study, an attempt has been made to understand the changes 
that have taken place in Land use/Land cover in and around the lake Kolleru region of 
West Godavari district. This area is known for extensive fish pond culture activity in 
recent times. This sort of aggressive human activity might have an effected on the 
Land use/Land cover patterns resulting in a possible impact on the ecology. Land 
use/Land cover changes are major issues of global ecological change. Change 
detection is an important application of Remote Sensing technology. It is technology 
ascertaining changes of specific features within a certain time interval. It provides the 
spatial distribution of features and qualitative and quantitative information about its 
changes. The quantitative analysis and identifying the characteristics and process of 
surface changes has been carried out for various times of remote sensing data. It 
involves the type, distribution and quantity of changes, i.e, the ground surface types, 
boundary changes and trends before and after the changes. Given economic 
development, the Earth surface is being significantly disturbed by human activities. 

  Abstract 
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Land use changes have a profound effect on the natural environment. Hence, 
observation of Land use/Land cover overtime is essential. There is an indication that 
the pace of these changes will accelerate in the future. These revolutionary changes 
are superposed on long term dynamics associated with climate variability. Studies 
have shown that there remain only a few landscapes on the Earth that is still in their 
natural state. The Land use/Land cover pattern of a region is a result of physical and 
socio-economic factors and their utilization by a man in time and space. Due to the 
immense agricultural and demographic pressure the land is become a scarce resource. 
Hence, information on Land use/Land cover and possibilities for their optimal use is 
essential for the selection, planning and implementation of land use schemes to meet 
the increasing demands for basic human needs and welfare. This information also 
assists in monitoring the dynamics of land use resulting out of changing demands of 
increasing population. 

The main aim of this study is to understand the differences in the catchment of 
the Kolleru Lake caused due to Land use/Land cover and water changes and to study 
the ecological behaviour of study area under spatiotemporal difference of input/output 
stresses by using an ecological impact assessment apart from water quality studies, 
starting with the aspects of unique features of the study area and then presentation 
goes through effect of Land use/Land cover on the lake environment. This change has 
become an important component in current strategies for managing natural resources 
and monitoring environmental changes in the study area. 
Review of Relating Literature: 

The present study is an attempt to analyse the Land use/Land cover categories 
of Kolleru Lake in and around to review the existing scenario on these topics. Some 
research works were done so far relating to Land use/Land cover analysis. Alaguraja 
and Durairaju, et al. (2010) have analyzed LULC categories of Madurai district in 
Tamilnadu as cropland, dense forest, fallow land, barren rocky land, and land with or 
without scrub, plantations and water bodies using satellite data. Chaurasia et al. 
(1995) studied the agricultural land use change in Bathinda district of Punjab through 
Remote Sensing Techniques. Bocco et al (2001); Meenakshi and Sharma Virat 
Devasar (2004), have studied systematically Land use and its covering patterns of 
Fatehgarh Sahib District Punjab as built up land, agricultural land, forest, wasteland, 
water bodies and mining and brick kilns. Shah and Archana Roy, (2006) have 
analysed techniques of supervised classification in LULC Mapping: to study 
Rishikesh in Uttarakhand. Land Use/Land Cover classes of Pilibhit District in Uttar 
Pradesh were studied by Nayak and Behera (2008). Veena Joshi and Vikas Nagare, 
(2010) has systematically analysed LULC classes in Paravara River Basin in 
Maharashtra. 
Aims of the Study: 
 The objective of this study is to produce a Land use/Land cover map of West 
Godavari District and adjacent areas in order to detect the changes that have taken 
place over a given period using change detection method. 
 The following specific aims are pursued in order to reach the objective. 

� To analyse the existing Land use/Land cover in and around Kolleru lake using 
Remote Sensing and Geographic Information System (GIS) Techniques. 

� Estimation of decadal change dynamics of Land use/Land covers classes and 
their areas over ten year’s period from 2000 to 2010 using the unsupervised 
and supervised classification of maximum likelihood algorithm. 

� To determine the trend, nature, rate, location and magnitude of Land use/Land 
cover change. 
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� Generation of spatial digital database using temporal satellite data and 
structural components/ habitat types of lake. 

� To estimate the future pattern of Land use/Land cover and impacts in the study 
area. 

Methodology and Data Used: 
The present study has been based on primary and secondary data sources. The 

supervised and unsupervised classifications are two popular methods of Land 
Use/Land Cover Classifications. The analysis is based on LANDSAT, IRS P6, and 
LISS III Satellite image of Kolleru Lake and surroundings of Andhra Pradesh. The 
number of topographical maps (Scale-1:50,000) of a Survey of India (SOI) was 
scanned, geo-referenced. The top sheet map which are used are 65 H/6,65 H/7,  65 
G/8, 65 H/9, 65 H/10, 65 H/11, 65 H/13, 65 H/14, 65 H/15, 65 C/4, 65 C/8, 65 C/12, 
65 C/16, 65 D/1, 65 D/2, 65 D/5, 65 D/6, 65 D/9, 65 D/10, 65 D/11, 65 D/14, 65 
D/15, 65 D/16, 65 E/1, 65 G/3, 65 G/4,  65 G/7, 65 G/8, 65 G/11, 65 G/12 and 66 
A/13.  

The details of the different remote sensing data used in this study are given 
below in Table 1. 

1. LANDSAT satellite digital Data  
2. IRS P6 LISS III satellite data. 

Land Use and Land Cover:  
Land use describes how a piece of land is used whereas land cover describes 

the materials present on the surface Sabins, (1987) NRSA (1995) Jitendra Kumar, 
(2011). In other words, the term “land cover” relates to the types of features present 
on the surface of the earth, and “land use” relates to the human activity associated 
with a particular piece of land (Fernandez et al. 1992).  Within the earth's cover often 
land use may take place. It is also defined as an assemblage of biotic and abiotic 
components on the earth’s surface, is one of the most crucial properties of the earth 
system. It is essential that it lie in the interaction of land cover with the atmosphere, 
which leads to regulation of the hydrologic cycle and energy budget, which are crucial 
for weather and climate prediction.  (Pielke et al; Defries et al. (2002). Land uses 
Land Cover have such impacts by affecting the composition of the atmosphere and 
the exchange of energy between continents and the atmosphere, which can lead to 
global warming. (IPCC 2000). A sudden change in LULC may be indicative of a 
change in terrain character. The land use pattern and land management of an area 
reveal the conditions of the people of the area, their economic status and resources 
indirectly. The information for land use planning comprises of reliable up-to-date and 
comprehensive data on the physical, ecological and socio-economic framework of a 
region. (Vitousek et al. 1997; Mas et al. 2004). LULC mapping plays a significant 
role in determining changes in a particular study area. Multi-resolution sensors are 
right tools for temporal analysis of Land use and land cover as they provide varied, 
useful information (Bisht and Kothyari, 2001); (Chauhan, and Nayak, 2005; Jifen Liu, 
Maoting Gao 2008). 
Methods of Classification: 

Land use and Land cover data were classified for the purpose to know the 
accuracy and for various applications in that particular area. There two methods that 
are extensively used for the classification are unsupervised and supervised 
classification. 

Unsupervised classification of L-resolution (Strahler et al., 1986) remote sensing 
images is typically based on a mixture model, where the distribution of the entire data 
is modeled as a weighted sum of the class component densities (Duda et al., 2001).  
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To understand the land use/land cover of the study area, the unsupervised 
classification was performed in ERDAS IMAGINE-9.1 environment.  Considering 
the tonal variations, different Land use/Land covers of the area in a raster image with 
no classes. 

In Supervised classification, the image analyst supervises the pixel categorization 
process by specifying to the computer algorithm, numerical descriptors of the various 
land cover types present in the scene (Rao, 2002). This representative sample sites 
known as “training areas”, are used to compile a numerical “Interpretation Keys” that 
describes the spectral attributes for each feature type of interest.  Each pixel in the 
data set is then compared numerically to each category in the interpretation key and 
labelled with the name of the category it “looks most like” (Lillisand, 1994). The 
three basic steps involved in a typically supervised classification procedure are a 
Training stage, Classification stage and Output stage (Greenways, 1987). 
Land Use / Land Cover Change Analysis: 

Change analysis was conducted using post-classification image comparison 
technique. Post-classification change analysis was selected to minimize possible 
effects of atmospheric variations and sensor differences (Lu et al. 2004). 
Classification with high accuracy is a prerequisite for effective change detection using 
the post-classification technique. Images of different years were first independently 
classified. Classified images with the highest accuracy were employed in the change 
detection process. 

The classified images were compared in two periods, i.e., 2000 and 2010. Change 
analysis was computed by comparing image values of one data set with the 
corresponding value of the second data set in each period. This results in a summary 
table of the overall changes per class. The values were presented in terms of hectares 
and percentages. The percentage of LULC changes were calculated using the 
following equation:  

 Percentage of LULC change = (Area final year-Area initial year) x100 
      (Area initial year) 
Where, Area is the extent of each LULC type. Positive values suggest an increase 

in extent, whereas negative values imply a decrease in extent. LULC conversion 
matrix between 2000 and 2010 was generated using ARCGIS software and compiled 
in a table, and the values were presented in terms of hectares. 
Land Use / Land Cover Classification of Kolleru: 

The outcome of the data processing and analysis were presented in the form of 
digital maps, layout and attribute tables. A total of four LULC types were extracted in 
the study area with different reference years, i.e., the land cover maps of 2000 and 
2010 by class are shown in Figures 2 and 5 respectively. In the present study, satellite 
data were used for the preparation of land use/land cover maps of Aquaculture, Crop 
Land, Harvested Land and Others on 1:50,000 scale. 
1.Crop Land 

Crop Land is a Land use category that includes areas used for the production. 
These are the lands primarily used for farming and production of food, fibre, and 
other commercial and horticultural crops. It includes land under crops i.e., irrigated 
and un-irrigated, fallow, plantations, etc. These are the areas with standing crop as on 
the date of satellite overpass. These areas appear in bright red to red in colour with 
varying shapes and sizes in a contiguous to the non-contiguous pattern. They are 
widely distributed in different terrains; prominently appear in the irrigated areas 
irrespective of the source of irrigation. Two cropping seasons exist in the study area 
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viz., Kharif, and Rabi. The agricultural lands are further sub-divided into Kharif Crop, 
double-cropped area, plantation, horticultural plantation and other plantations. 
2. Aquaculture 

These are the areas where fish, shrimp, scampy are bred and reared for 
commercial purposes. Aquaculture ponds are located mostly along the coast or within 
the lakes, river and estuaries. Aquaculture is predominantly observed in south-western 
parts of Bhimavaram and around Kolleru Lake along the coast. 
3. Harvested Land 

It refers to the area from which crop yields are already gathered. Area 
harvested, therefore, excludes the area from which, although sown or planted, If the 
crop under consideration is harvested more than once during the year as a 
consequence of successive cropping (i.e. the same crop is sown or planted more than 
once in the same field during the year), the area is counted as many times as 
harvested. On the contrary, area harvested will be recorded only once in the case of 
successive gathering of the crop during the year from the same standing crops. 
Concerning mixed and associated crops, the area sown relating to each crop should be 
reported separately. When the mixture refers to particular crops, generally grains, it is 
recommended to treat the mixture as a single crop; therefore, area sown is recorded 
only for the crop reported. 
4. Others 

There are other lands that are not classified in this study like urban lands, 
barren lands, shrub lands, Industrial and residential areas that are not used for 
cultivation. 
Decadal LULC Change Dynamics 

The Patterns of land management and LULC change are determined by the 
interaction of environmental, collection of historical information, socio-economic, 
industrialization, political factors, review of various related documents and 
importance of Lake, which are collected from the relevant departments of state 
Government of Andhra Pradesh. Therefore, the capacity to forecast Land-use and 
land-cover change to quantify the effects of change will depend on our understanding 
the past, current and future drivers of LULC change. The main aim of LU/LC change 
detection is to identify the trend of changes in Lake Area as well as quality and to 
assess the impacts. The post-classification, i.e., supervised comparison technique was 
used to compare temporal satellite images of Lake Classification and prepared maps 
to derive LU/LC classes for exploring the changing trend. In this study, two different 
temporals (2000, 2010) images were used to identify the changes by the supervised 
classification method. Moreover, on real time basis ground truth verification and 
digital image analysis were carried out. Each satellite image is classified into four 
classes using maximum likelihood supervised classification method. These classified 
images further assessed for accuracy. Finally, these images were compared each other 
for change estimation of the study area. 
Summary and Conclusion: 
 The attributed data of Land use/Land cover from the study area for the period 
2000 and 2010 with regard to different features indicated notable changes in feature 
classes. 
 The data indicates that the arc under aquaculture tanks in the year 2000 was 
23.90% whereas the area has shown considerable decrease to 19.50% in the year 
2010. This is a net decrease of 4.40% which can be attributed to the declining trend of 
aquaculture activity in the study area. This can be due to number of problems surfaced 
during the last decade in the aquaculture fields. These include the viral contamination 
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of aqua forms resulting in a drop in productivity and quality of the product. This has 
adversely affected the farmers. This perhaps is the reason for the decrease in the area 
under aquaculture. 
 The area under crop land has been reduced from 66.50% in the year 2000 to 
56.60% in 2010. A decrease of 9.90% area under crop land has been indicated. This is 
because of the fact the study area has been classified as urban and semi urban 
category and the decrease of crop land could be due to slow and steady growth of 
urbanization by the way of commercial and residential constructions. 
 The data attributed the area under harvested land in the year 2000 was 9.10% 
whereas the area has shown significant increase to 20.10% in the year 2010. This is a 
net increase of 11.00% which can be attributed to the growing trend of aquaculture 
(Harvested land) activity in the study area. 
 The data reveals that the area under others has been extended from 0.60% in 
the year 2000 to 3.80% in 2010. An extension of 3.20% area under others has been 
revealed.  
 The study clearly established that the satellite remote sensing with geographic 
information system can be a powerful tool for mapping and evaluation of Land 
use/Land cover changes of given area. The significant changes in the Land use/Land 
cover during the study period from 2000 to 2010 reported few noteworthy 
observations. The features namely aquaculture tanks, crop lands indicated a 
decreasing trend where as the feature like Harvested land and others indicated an 
increasing trend. The reasons marked for this are due to the changes in the pattern of 
agricultural activity and increased activity of urbanization. These changes may not 
indicate any notable ecological impact during the study period (2000-2010) of the 
study area. 
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Table 1: Satellite Characteristics 
Satellite Sensor Resolution Row Path Date of Pass 
LANDSAT Landsat 30m 49 141 28 October 2000 
IRS P6 LISS III IRS P6 23.5m 61 102,103 17 March 2010 and 

22 March 2010 
 
 

Table 2: The area and percentage of various LU / LC classes in 2000 
 

 
Table 3: The area and percentage of various LU / LC classes in 2010 

 
 
 
 
 

 
 
 

 
Table 4: Summary of LU/LC classification area statistics for 2000 and 2010 

Feature Class 2000 
 Area In Hectors Percentage 

(%) 
Aquaculture 31441.3 24 

Crop Land 87447.3 66 
Harvested Land 11919.3 9 
Others 784.0 1 

Feature Class 2010 
 Area In Hectors Percentage 

(%) 
Aquaculture 25602.0 19 

Crop Land 74480.79 57 
Harvested Land 26491.0 20 
Others 5018.5 4 

Feature 
Class 

2000 2010 Relative Change 

 Area in 
Hectors 

Percentage 
(%) 

Area in 
Hectors 

Percentage 
(%) 

Area In 
Hectors 

Percentage 
(%) 
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Figure 1: Percentage of land utilised in 2000 
 

 

 
Figure 2: Percentage of land use/land cover in 2010. 

 
 

Aquaculture 31441.3 23.9 25602.0 19.5 -5839.3 -4.4 

Crop Land 87447.3 66.5 74480.79 56.6 -12966.5 -9.9 
Harvested 
Land 

11919.3 9.1 26491.0 20.1 14571.7 11.1 

Others 784.0 0.6 5018.5 3.8 4234.5 3.2 
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Figure 3: The Supervised image of study area of 2000 generated from Landsat. 

 

 
Figure 4:  IRS P6 LISS III image of 2010 used for the study area. 
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Figure 5: IRS P6 LISS III supervised image of study area in 2010 

 

Figure 6: Image showing toposheets used for the study 
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Figure 7: Land sat satellite image of 2000 used for the study. 

 
 

 
Figure 8: Percentage of Land use/Land cover change in 2000-2010 Decade. 


