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Abstract— Watershed planning and management are 

fundamental for food security, environmental conservation, 

economic development and livelihoods. In any basin, water 

is utilized by different land cover and land uses. Up to date 

information about these Land Use and Land Cover (LULC) 

classes provide essential information on the water flow path. 

Accurate land use and land cover (LULC) maps can be 

effective tools to help soil erosion control efforts, run off 

estimation etc.  12 sub watersheds in Belgaum District have 

been extracted from LISS IV image and supervised image 

classification with maximum likelihood classification 

algorithm was used to map the land-use/cover classes. Field 

visits are carried out on the area that is being mapped and 

collected data that can be used to train the algorithm to 

evaluate the land cover map and estimate the accuracy of the 

individual classes. Based on the results from filed visit 12 

sub watersheds are classified. 
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I. INTRODUCTION 

Watershed is defined as a hydro-geological unit of area from 

which the rainwater drains through a single outlet. 

Watershed  development refers  to  the  conservation,  

regeneration  and  judicious  use  of  all  the natural  

resources  (like land, water, plants, animals) by human  

beings. Watershed Management brings about the best 

possible balance between natural resources on the one side 

and human beings on the other. A  watershed  provides  a  

natural  geo-hydrological  unit  for planning  any  

developmental  initiative. 

A. Importance of Watershed Development in Karnataka 

The land resources of Karnataka especially its dry drought 

prone lands, which comprise more than 79 % of the total 

available area, have been poorly managed. Soil loss due to 

erosion coupled with reduced water resources has led to a 

situation of rapid soil fertility deterioration, 

declining/stagnating crop yields, depletion of underground 

water sources, deforestation, denudation, destruction of 

natural pasture and diminishing biomass production. 

Exploring the full potential of rain fed agriculture to meet 

the food , fodder and fuel requirement of the state 

population, is the only alternative, however, this will require 

investing in suitable soil and water conservation 

technologies, crop breeding targeted to rain fed 

environments, agricultural extension services, and access to 

markets, credit and input supplies in rain fed areas. 

The total irrigation potential from all sources, 

including inter basin transfers, is estimated at around 50 % 

of the total cropped area of 104.89 lakh hectares by the 

Karnataka State Land Use Board. The remaining land has to 

depend on rain fed farming forever. Therefore if the state 

has to conserve and develop natural resources in rain fed 

areas to improve their production and productivity, their 

development on watershed basis is inevitable. Development 

of rain fed areas is important because more than 44 % of its 

agricultural production comes from dry lands 

Karnataka has the highest proportion (79 %) of 

drought prone area among all major states in the country and 

in absolute terms it has the second largest area of dry land in 

the country after Rajasthan. In addition, Karnataka also has 

the second lowest (154.2 M ha M/Yr.) replenish able ground 

water resources among major states after Rajasthan 

B. Land Use and Land Cover  

Economic development and population growth have 

triggered rapid changes to Earth’s land cover over the last 

two centuries, and there is no slowing down this rate. 

Understanding the dynamics of land use/cover changes is 

fundamental in land management, watershed management 

and agricultural productivity. The Land Use and Land Cover 

(LULC) data files describe the vegetation, water, natural 

surface, and cultural features on the land surface. Land use 

and land cover are two approaches for describing land. Land 

use is a description of the way that humans are utilizing any 

particular piece of land for one or many purposes. Land 

cover is the physical material on the surface of any piece of 

land. Together land use and land cover information provide 

a good indication of the landscape condition and processes 

that are occurring at a particular place. Land use/land cover 

maps tell us how much of the landscape is changing, as well 

as what changes have occurred and where the changes are 

taking place. Local land use/land cover (LULC) changes 

alter global biogeochemical cycles and include quantitative 

and qualitative changes such as the rate, amount, and 

direction of land conversions, land fragmentation, land 

degradation, and loss of habitats and biodiversity 

(Baldocchi, 2008; Wali et al., 1999. Cumulative changes in 

LULC are one of the most important human-induced 

processes that alter global environment and climate 

(Dickinson, 1995; Hall, Tian, Qi, Pontius, & Cornell, 1995). 

II. METHODOLOGY 

Watershed planning and management is fundamental for 

food security, environmental conservation, economic 

development and livelihoods. In any basin, water is utilized 

by different land cover and land uses. Up to date 

information about these Land Use and Land Cover (LULC) 

classes provide essential information on the water flow path. 

Accurate land use and land cover (LULC) maps are 

effective tools to help soil erosion control efforts. 

A. Study Area 

Belgaum district is a district in the state of Karnataka, India. 

The city of Belgaum is the district headquarters in North 

Karnataka. Belgaum is located at 15.87°N 74.5°E.It has an 
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average elevation of 751 metres (2463 feet). The city is 

situated in the north-western parts of Karnataka and lies at 

the border of two states, Maharashtra and Goa on the 

Western Ghats (50 km from the Goa state border). The study 

area belongs to the Northern Dry zone and Northern 

Transition Zone. The annual rainfall ranges from 464.5-

785.7 mm and about 52 % of the annual rainfall is received 

during Rabi season. The elevation is between 450-900 m. 

The soils are shallow to deep black clay in major areas. The 

important crops grown here are Rabi jowar, Maize, Bajra, 

Groundnut, Cotton, Wheat, Sugarcane and Tobacco.12 

watersheds covering Belgaum District was taken up for the 

study. The study area was extracted from LISS IV images as 

of February 2011. Sub watersheds were extracted by 

overlaying watershed boundary shapefiles. The details of the 

watersheds are as tabulated below 

 
Fig. 1: Study Area 

DISTRICT TALUK 
SUB WATERSHED 

CODE 

Belgaum 

Bailhongal 4D7D5B 

Savadatti 4D7C8S 

Gokak 4D7D3A 

Belgaum 4D7C8A 

Hukkeri 4D7D7J 

Ramdurg 4D7C8Y 

Athani 4D7F2A 

Khanapur 4D7C9L 

Athani 4D7F2J 

Hukkeri 4D7D7G 

Saudathi 4D7C8P 

Bailhongal 4D7C8D 

Chikkodi 4D7D4D 

Raibag 4D7D4P 

Table 1: Sub Watershed Details 

B. Land Use and Land Cover Analysis 

In Land uses / Land cover classification process, Supervised 

Classification method in ERDAS IMAGINE 2011 software 

was performed based on a set of user-defined classes, by 

creating the appropriate user-defined polygon. The 

methodology of extracting Land uses / Land cover from 

satellite image is shown in fig. In supervised classification 

process, “User-Defined Polygon” function reduces the 

chance of underestimating class variance since it involved a 

high degree of user control. Training points were repeatedly 

selected from the whole study area by drawing a polygon 

around training sites of interests. Land use / Land cover 

classes of these training points were extracted with respect 

to general knowledge obtained from topographic maps and 

field visits. The pixel based supervised image classification 

with maximum likelihood classification algorithm was used 

to map the land-use/cover classes (Lillesand and Kiefer, 

2000). 80-100 training sites referring to each of the classes 

were collected. 

Five micro watersheds were visited and nearly 170 

sample points were collected over the region using Garmin 

handheld GPS, accuracy of the instrument while data 

collection was around 3m. Information’s collected were 

details regarding present and previous crops, the soil type, 

ridge details, and survey number of the plot along with the 

photographs of the site. 

The waypoints were hyperlinked using ArcGIS. 

The two primary reasons for visiting the area that is being 

mapped are to collect data that can be used to train the 

algorithm or the interpreter and to collect data that can be 

used to evaluate the land cover map and estimate the 

accuracy of the individual classes. 

The cadastral map of sub watershed 4D7C8Y 

(b12_13_1326596101) was digitized and over layed over the 

LISS IV image. The survey number information was added 

to each of the land parcels 

III. RESULTS 

The classified images created along with the LISS IV 

satellite images are as given below. The classes identified 

are Rabi, Double Crop (2 season crops), Crops in initial 

growth stages, Fallow lands, Forest, Scrublands, Barren 

lands, Rivers and Reservoirs/Tanks. 

To evaluate the accuracy of the classified image, 

“Accuracy Assessment” tool in ERDAS IMAGINE 

2011was used. The reference class values were compared 

with the classified class in error matrix. Then overall 

accuracy and kappa values were computed by using user’s 

accuracy (a measure of commission error) and producer’s 

accuracy (a measure of omission error) of each class. The 

results are given below in table 2. 
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Fig. 2: Results 

Sub Watershed 

Code 

Overall 

Accuracy(%) 

Kappa 

Statistics 
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4D7F2J 95.74 0.9421 

4D7D4P 95.52 0.9298 

4D7F2A 96.43 0.9525 

4D7D4D 89.13 0.8546 

4D7D3A 95.24 0.9325 

4D7D5B 87.76 0.8335 

4D7D7J 81.58 0.7721 

4D7C8S 86.82 0.8280 

4D7C8D 97.44 0.9647 

4D7C9L 84.13 0.7578 

4D7C8Y 93.75 0.9176 

4D7C8A 96.64 0.9321 

Table 2: Accuracy Assessment 

IV. CONCLUSIONS 

Up to date information about these Land Use and Land 

Cover (LULC) classes provide essential information on the 

water flow path. Accurate land use and land cover (LULC) 

maps can be effective tools to help soil erosion control 

efforts, run off estimation etc.12 sub watersheds in Belgaum 

District has been extracted from LISS IV image and 

supervised image classification with maximum likelihood 

classification algorithm was used to map the land-use/cover 

classes. 

Field visits were carried out on the area that is 

being mapped are to collect data that can be used to train the 

algorithm or the interpreter and to collect data that can be 

used to evaluate the land cover map and estimate the 

accuracy of the individual classes. The super classified 

images of the sub watershed  gave an idea about the extent 

of coverage of various land usages which includes Rabi, 

Double Crop (2 seasonal crops), Crops in initial growth 

stages, Fallow lands, Forest, Scrublands, Barren lands, 

Rivers and Reservoirs/Tanks. 
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