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Abstract 

 
Land use Land cover changes were Analyzed and mapped in and around 
Hadadi lake, Davangere district. Changes that took place between the years 
1970 to 2010 were identified and detected by using suitable techniques. 
Significant tools used to detect changes over the period were RS and GIS 
tools. Topographic map 48N/15 is obtained from the survey of India, 
Bengaluru. This topographic map is converted to digital mode. Latitude and 
longitude of the study area are compared with the digitalized topo sheet using 
Arc GIS software. Thematic maps were generated and updated using satellite 
imagery of RS data (IRS 1C LISS-III and LANDSAT ESM+). The overlay 
analysis carried out helps us to know the land use pattern for 40 years. The 
five main LU/LC (Land Use/ Land Cover) categories identified through the 
images of the study area are listed below. The results depicted that there is an 
increase in the Built-up land and wastelands by 2.94% (12.89 Km2) and 
0.53% (2.33Km2) respectively. Agricultural and Forest lands have been 
decreased by 4.14% (18.17 Km2) and 0.78% (3.48 Km2) respectively. Water 
bodies in the study area have been increased by an amount of 0.93% (4.04 
Km2). 
 
Keywords: Toposheet, Georeferencing, Thematic Maps, Hadadi watershed, 
Haridra basin. 
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1 Introduction 
 

Due to the increasing population, there is a need to balance the ratio of 
consumption and utilization of natural resources. It is our responsibility to 
use the remaining natural resources effectively to fulfill the needs of the 
current generation and to enhance and to conserve them for future 
generations. Rapid population growth, scarcity of land, industrialization, 
urbanization, advancement in technology is the main drivers for change over 
the land[1,2][4-6].  

Utilization of land by human beings for various purposes, in the form of 
the agricultural plantation, recreational area, wildlife management areas are 
termed as land use. The land occupied by nature is termed as land cover. It 
includes grass, trees, water, stone land, and bare lands. Adequate usage of 
land for future use, proper planning, and utilization of natural resources over 
the study area play a significant role. Ecosystem functioning and ecosystem 
services are widely dependent on the role played by changes depicted by land 
use land cover. 

Analyzing the physical process affecting the earth, Remote sensing is 
one of the important tools for understanding the globe. GIS is defined as an 
integrated system of both software and hardware which is capable of 
collecting, storing, recovering, analyzing, and executing the spatial 
information for developing, managing, and decision-making process [3]. 
Agricultural plantation, environmental and eco-environmental assessments 
are the fields where RS and GIS are widely applied[9-11].  

The present study deals with analyzing the land use pattern using 
multitemporal Landsat imageries [8]. The main objective of this study area is 
to detect LU/LC changes around Hadadi Lake, Davangere from 1975 to 
2010. 
 

2 Literature Review 
 

Arun Kumar S.L., et al [12] analyzed land use and land cover mapping 
around the Deverabelekere reservoir from 1198-2018 by using satellite 
remote sensing technologies and GIS tools. The study area was categorized 
into five different classes. The results indicate that the last two decades built- 
up and land have been increased by 2.15% (10.72 Km2) and water bodies 
0.95% (4.795 Km2). While agricultural, barren land, and forest have 
decreased by 5.62% (28.2 Km2), 0.70% (17.228 Km2) and forest area have 
unchanged respectively. 

Sabzar Ahmad Kuchay and Ramachandra TV[13] investigated the agents 
of fragmentation in Uttar Kannada district from 1979-2013 using GIS and RS 
data. The area was classified into ten land use categories which include 
Evergreen forests, Moist deciduous forest, dry deciduous forest, Scrub 
forest/Grasslands, a forest plantation, built up, water, cropland, 
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Horticultural plantations, and open lands. The results depict that decline in 
evergreen forests by 24.63% with an increase in cropland by 4.09% and 
built-up land by 2.1%. 

G. Veeraswamy, A. et al analyzed and monitor LU/LC in Gudar area, 
Nellore district, Andhra Pradesh using GIS and remote sensing 
techniques[11]. The results show that the agriculture lands covered 60%, 
built up and the rural area covers 5.31Km

2
 and 6.56 Km

2
. Water bodies 

occupy 24.62 Km
2
. 

 

3 Study Area 
 

The study area is identified 18kms from Davanagere district in between 
14º17'30" to 14º25'00" N latitude and 75º50'00" to 75º57'30" E longitude. 
Haridra watershed basin is situated in a part of Davanagere, Harihara, 
Channagiri, Honnali Taluks of Davanagere, and Chitradurga and Holalkere 
Taluks of Chitradurga districts, Karnataka State. 

The prime objective of the study is to develop, manage, or conserve 
strategies that are required to maintain the environmental aspects of Haridra 
Watershed. An attempt was made to generate remote sensing-based 
morphometric analysis and groundwater potential zone map in Haridra 
watershed. Figure 1 shows Representation of the Study area location. Table 1 
provides Location details of the study area around the Hadadi lake. 

 
Table 1: Location details of the study area around the Hadadi lake. 

 

Basin Krishna 

Sub-Basin Tungabhadra 

Macro Basin Bhadra 

Micro Basin Haridra 

Watershed Hadadi 

Latitude 14◦17’30”- 14◦25’00” N 

Longitude 75◦50’00” - 75◦57’30” E 

Total Area 280 sq kms 

Radius 8 kms 

Mean Sea Level 584.302 mts N 
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Figure 1:  Representation of the Study area location 

 

4 Input Data (Methods and Materials): 
 

4.1 Software 
 

4.1.1 ERDAS 9.1 
 

GIS (Geographic Information System) and image processing [8] are the 
functions incorporated in ERDAS software. The main function of this 
software is to view, analyze, alter raster, and vector data. Vector and raster 
data can be integrated [8] into a single system using ERDAS [7] software. 
GIS: Arc View 3.2(a), Arc Map, Auto Cad (2019) 

The processing of the image is done using Arc view, Arc Map, and Auto 
CAD software. The digitalization of the topo sheet is done using Arc GIs 
software. Formulations and calculations are done using Arc Map software. 
smoothing the digitalization process requires Auto CAD software.  Figure 2 
shows  process involved in the generation of thematic maps. 
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Figure 2: The process involved in the generation of thematic maps. 

 

5 Lithological Map 
 

5.1 Introduction  
 

Different rock types were identified over the study area with the help of 
tonal variation of the lithological map obtained from the satellite imagery.  
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Keeping the SOI (Survey of India) toposheet as a base data the exact position 
of the structural elements likes dikes were identified. 

Figure 3 shows lithology of the study area around the Hadadi lake in the 
year 2010. Table 2 provides Lithological units of the study area in the year 
2010. 

The dikes were identified and color-coded to identify different geological 
and structural elements. 

 Amphibolite:  It is a metamorphic rock containing amphibole. 
It is formed through the metamorphism of mafic igneous rocks. 

 Greywacke/argillite: A fine-grained sedimentary rock majorly 
composed of clay particles.  

 Orthoquartzite: quartz sandstone composed of well-rounded 
quartz particles with silica as its cementing material is usually known as 
orthoquartzite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  The lithology of the study area around the Hadadi lake in the year 2010. 

 

Table 2:Lithological units of the study area in the year 2010. 

SL.NO LITHOLOGY AREA % 

1 Amphibolite 19.85 4.523 

2 Greywacke/argillite 205.27 46.775 

3 Tonalitic Gneiss 200.84 45.766 

4 Orthoquartzite 12.88 2.935 

 TOTAL 438.796 100% 
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6 Transport Network Map 
 

6.1 Introduction 
 

SOI toposheet 48N/7 was used to prepare transportation network map 
[12]. The study area was located with very good connectivity to all villages 
and surrounding cities with five types of roads namely Metalled, unmetalled, 
cart tracks, footpaths, and National highway. Figure 4 shows Transportation 
network map around the Hadadi lake. Table 3 provides Transportation map 
units of the study area in the year 2010. 

 Metalled road: Metalled roadways are paved roads which are 
designed to bear the vehicular load. These roads are made for frequent use of 
vehicles. 

 Unmetalled road: Unmetalled roads are constructed using gravel, 
and are rough in nature. Unmetalled roads cannot sustain heavy loads.  

 Footpath: A footpath is a type of path that is intended for use 
only by pedestrians  

 National Highway: National Highways are the networks that 
connect various regions of one state to the other like the capital of 
one state to other state capital. 

 

 
Figure 4: Transportation network map around the Hadadi lake. 

 
 



 

                                                                                                                  
 

 
 
 
 
 
 
7331  S.L.Arun Kumar et al  

 
Table 3: Transportation map units of the study area in the year 2010. 

 

SL. 

NO 

Type Length  %  

1 Cart Track 146.55 33.45 

2 Foot Path 0.16 0.04 

3 Metaled Roads 85.46 19.51 

4 Unmetalled Roads 241.57 1.74 

5 National Highway 7.65 55.15 

 TOTAL 481.39 100% 

 

7 Drainage and Surface Water Body Map 
 

7.1 Introduction 
 

There is a better distribution and collection of runoffs at the time of 
precipitation in the Haridra watershed region. The Study area exhibits a 
dendritic type of drainage pattern. The watershed comprises of 1

st
 order 

drainage up to 4
th

 order drainages. The results obtained from the base maps 
generated are tabulated and shown below. Figure 5 shows Drainage map 
around the Hadadi lake in the year 2010.Table 4 provides Drainage units of 
the study area in 2010. 

 

 
Figure 5: Drainage map around the Hadadi lake in the year 2010. 
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Table 4:  Drainage units of the study area in 2010. 

SL.NO Length Area (Sq. km)  Area (%) 

1 Streams 156.15 96.37 

2 Tanks 5.88 3.63 

 TOTAL 162.03 100 % 

 
 

 

8 Soil Map 
 

8.1 Introduction  
 

Natural vegetation above the earth’s surface is supported by the soil. The 
top layer of the earth acts as a filter to water mixed with any substance.The 
amount of storage, discharge, and groundwater recharge mainly dependent 
on the type of soil and properties of soil. Soil mapping is carried out in the 
study area using a 1:50,000 scale SOI toposheet and PAN+LISS III merged 
image. Based on the software color-coding the different types of soils 
identified are listed below: 

 Clay loam soil: Clay loam is a mixture of soil that contains clay 
particles in a greater amount than sand and silt.  

 Gravelly loam soil: soil recognized with almost equal 
proportions of sand and silt than that of clay particles is known as gravelly 
loam soil. 

 Gravelly sandy soil: Gravel soil is soil present on the floodplain 
of a river, where the river has deposited some larger, rougher particles along 
with the sand.  

 Habitation: is a place where animals and humans live 
permanently  

 Sandy soil: Sandy Soil is recognized with the characteristics of 
light in nature, warm, dry, and has a higher porosity than any other soil. 

 Sandy clay soil: soil with a combination of sand, silt, and clay. In 
which sand and clay are in higher proportion is knows as sandy clay soil. 

 Waterbody:  Naturally occurring geological formation (but some 
are artificial) with the accumulation of water on the earth’s surface. 

 
Figure 6 shows Soil map of the study area around Hadadi lake. Table 5 

provides spatial distribution of soil types around Hadadi lake. 
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Figure 6: Soil map of the study area around Hadadi lake. 

 
 

Table 5: Spatial distribution of soil types around Hadadi lake. 

SL.NO. Type of soil Area (sq.km) Area (%) 

1 Clay soil 73.94 16.85 

2 Gravelly loam 0.08 0.01 

3 Gravelly sand 14.5 3.3 

4 Habitation mask 19.96 4.54 

5 Sand 21.43 4.88 

6 Sandy clay 84.4 19.22 

7 Sandy clay loam 38.35 8.74 

8 Sandy loam 173.42 39.52 

9 Waterbody mask 1.269 2.89 

 TOTAL 438.796 100% 

 

9 Geomorphological Map 
 

9.1 Introduction 
 

Geomorphology refers to the landforms, it is the physical process that 
shapes the solid surface of the earth creating different landforms. Natural 
forces as well as physical and chemical interactions between earth’s surface 
tend to create landforms. The geomorphic features vary from region to region 
as they are depending upon climate, location, geological history, lithology. 
The different landforms identified during geomorphological mapping of the 
study area are listed below: 



 

                                                                                                                  
 

 
 
 
 
 
 
 

Analysis of Land Use/Land Cover Change Impacts around Hadadi Lake, Haridra 

Catchment, Davangere, Karnataka  7334 

 

 Moderately weathered: It is the process of discoloration of the 
substances due to the process of weathering. It extends to a greater part of the 
rock and it is not friable. The discontinuities contain a filling that contains 
altered materials. The stained materials may be partly friable, and they 
extend to a greater part of the rock. It constitutes about 2.93 sq. km. 

 Pediment: A pediment sloping inclined bedrock surface. It is 
caused by erosion of steeper retreating desert cliff.  Pediment constitutes 
about 1.29 sq. km. 

 Shallow pediplains: This type of landform is characterized by the 
flat and smooth surface of the buried pediplain/pediment with overburden. It 
constitutes about 333.72 sq. km. 

 Settlement: Settlement is defined as a place where people 
establish a community. It constitutes about 12.59 sq. km. 

 Valley: A valley is a low-level area between hills or mountains 
with a river running through it. In geology, a valley is a depression that is 
longer than its width. It constitutes about 43.06 sq. km. 

 Valley Fill: Valley fill is the deposition of unconsolidated 
sediments by the river. It constitutes about 4.37 sq. km. 

Figure 7 shows geomorphology of the study area in Haridra water shed 
in the year 2010. Table 6 provides geomorphic units of the study area in 
2010. 

 

Figure 7: geomorphology of the study area in Haridra water shed in the year 2010. 
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Table 6:  geomorphic units of the study area in 2010. 

SL. 

N0. 

Geomorphic units  Area (sq. km) Area (%) 

1 Moderately weathered 2.93 0.668 

2 Pediment 1.29 0.294 

3 Shallow Weathered Pediplain 333.72 76.051 

4 Settlement 12.59 2.869 

5 Shallow Weathered 28.16 6.417 

6 Valley 43.06 9.813 

7 Valley fill 4.37 0.996 

8 Waterbody 12.69 2.892 

 TOTAL 438.796 100% 

 
 
10 Land Use and Land Cover Map  
 

10.1 Introduction 
 

Due to various natural as well as man-made activities, there is a 
continuous state of transformation over the land.  LULC change detection 
helps in identifying changes over different periods.. Important LU/LC 
categories are listed below: 

 Agricultural plantation: these include all the agricultural trees, 
crops, plantations with the use of adequate management techniques.   

 Fallow land:  The agricultural land that is temporarily allowed to 
rest for a month but not more than a year. 

 Kharif crops: crops dependent on rain under dryland farming 
with limited irrigation facilities are termed as Kharif crops. 

 Rabi crop: crops grown where rainfall is very less during the 
post-monsoon season are termed as rabi crops. 

 Double crop: lands with rabi and Kharif season cultivation is 
termed as double crops. 

 Land with/ without scrub: the land which is subjected to 
degradation and covered by thorn scrubs are called lands with or without 
scrub. 

 Stony wastelands: rocky exposure of barren lands with limited 
ability to support life is called as stony wastelands.  

 Waterbodies: waterbodies can be defined as the presence of 
water in any part of the land in the form of ponds, lakes, reservoirs, rivers, 
streams, canals, and tanks. It includes both man-made as well as natural 
sources of water. 
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 River/stream: a natural source of flowing water on the land along 
a definite path. It includes a small stream to a big river and its tributaries.   

 Tree grooves: these are the segments of the landscape containing 
trees and other forms of biodiversity and geographic features. 

Table 7 provides  LU/LC Changes of the study area (1970 -2010). 
 

Table 7:  LU/LC Changes of the study area (1970 -2010). 

 

LAND USE / LAND COVER CHANGE 

 
CATEGORIES  DISTRIBUTION - 1970 DISTRIBUTION - 2010 

Sl. 

No. 
Level-I Level-II Level-III 

Area 

(Sq. 

Km.) 

Total 

Area  

(Sq. 

Km.) 

 

%  

Area 

(Sq. 

Km.) 

Total 

Area   

(Sq. 

Km.) 

 

%  

1 
Built up 

land 

Towns/Cities  

  

2.76 

8.72 1.98 

7.96 

21.61 4.92 
Industrial 

Area 
  1.65 

Villages 5.96 12 

2 
Agricultural  

Land 

 

Crop Land 

Kharif 52.3 

417.74 95.2 

52.3 

399.5

7 
91.06 

Rabi 0.84 0.84 

Kharif + 

Rabi  

(Double 

Crop) 

417.74 320.09 

Fallow     9.05 

Gullied Land     0.52 

Plantation      16.77 

3 Forest 

Deciduous 
Dense   

3.55 0.8 

0.07 

0.07 0.02 

open     

Scrub Forest   3.55   

Degraded 

Forest 
      

Forest 

Plantation 
      

4 Wastelands 

Rocky Land   0.12 

2.29 0.52 

  

4.616 1.05 

Mining Area     0.16 

Salt Affected 

Area 
    0.61 

Land with 

scrub 
  2.17 3.83 

Land without 

scrub 
    0.016 

5 Waterbodies 

River/Stream   3.01 

8.89 2.02 

0.44 

12.93 2.95 
River Island     2.12 

Canals       

Lakes/Tanks   5.88 10.37 

6 Others Tree groves   0 0 0 0 0 0 

TOTAL 438.796 438.796 100% 438.796 

438.

796 100% 
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Figure 8 shows surrounding land area for Hadadi lake in the year 1970. 

Figure 9 shows surrounding land area for Hadadi lake in the year 2010. 
 

 
Figure 8: Hadadi lake in the year 1970. 

 
Figure 9: Hadadi lake in the year 2010. 
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Figure 10: Representation of LU/LC in 1970. 

 

 
Figure 11: Representation of LU/LC in 2010. 
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Figure 12: Land use pattern comparison over the years (1970-2010) 

 

Figure 10 shows Representation of LU/LC in 1970. Figure 11 shows 
Representation of LU/LC in 2010. Figure 12 shows Land use pattern 
comparison over the years (1970-2010). 

 
 

11 Results and Discussion  

 
Analysis of environmental problems requires the knowledge of LU/LC 

data. Poverty, lack of evaluation of ecological services, migration, use of 
ecologically incompatible technologies, demand for food, and fodder is the 
main reasons for the LU/LC change. 

As already known to us the development of natural resources should be 
done in such a way to not endanger the environment in and around it. 
Techno-economic advancements over an area are mainly due to the 
monitoring of land use change. 

The result of LU/LC change over the study area is between 1970 to 2010 
are shown below: 

There is an increased in built up area by 8.27sq km (1970) to 21.61sq km 
i.e. from 1.98% to 4.92%. 

The agricultural land has decreased from 417.7sq km (1970) to 399.57sq 
km i.e. from 95.2% to 91.06%. 
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The wasteland has increased from 2.29sq km (1970) to 4.62sq km i.e. 

from 0.52% to 1.05%. 
The forest land has decreased from 3.55sq km (1970) to 0.07sq km i.e. 

0.8% to 0.02%.  
The water bodies have increased from 8.89sq km (1970) to 12.93sq km 

i.e. 2.02% to 2.95%. 
 

12 Conclusion 
 

GIS techniques were used to demonstrate LU/LC changes around 
Haridra catchment, Hadadi lake, Davanagere. Built-up land, wasteland, and 
water body have increased with the increasing population whereas 
agricultural land, forest lands have significantly reduced due to rapid 
urbanization and increasing population. Water availability and adequate 
usage of water bodies suggest that people are aware of the proper usage of 
water. 
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