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ABSTRACT 

Land use and land cover assessment, combined with change detection establishes a 

dynamic component of environmental monitoring and supervision. It includes study of 

distribution and dynamics of various land use and land cover types within a region 

throughout the time. In this study, the area is categorized into five classes namely forest, 

cultivated land, uncultivated land, built-up land and water bodies. The assessment is 

carried out for the years 1990, 2001, 2013 and 2023 using Landsat satellite image by 

performing supervised classification. The accuracy assessment with reference to 

ground truth observations of google earth is investigated. The overall accuracy for year 

1990 is 94.20%, for year 2001 is 90.00%, for year 2013 is 92.80 % and for year 2023 

is 91.04%, the value of kappa coefficient for year 1990 is 0.93, for year 2001 is 0.88, 

for year 2013 is 0.91 and for year 2023 is 0.89. Land use land cover is predicted for 
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year 2030 and 2035. In the forthcoming scenario, the converted region is distributed to 

uncultivated land and built-up land classes. Subsequently, decision-makers are advised 

to take necessary measures to preserve agricultural land from changes, ensuring the 

sustainability of land. 

Keywords: Land Use Land Cover (LULC), LANDSAT, accuracy assessment, 

forecasting. 
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1. INTRODUCTION 

Land use and land cover (LULC) analysis is a general term used to describe Earth 

surface, whether it is natural or manmade.  Land use refers to the natural processes that arise 

on the Earth's surface, enclosing residential, commercial, industrial, cultivated, and recreational 

accomplishments. Alternatively, land cover portrays natural cover over the terrestrial surface, 

including forests, grasslands and water bodies. This analytical approach provides critical 

visions into the Earth's surface transformations, enabling informed decision-making 

progressions in urban planning, natural resource management, agriculture, forestry. Satellite 

imagery, aerial photographs, and other geospatial datasets act as important sources of data for 

accompanying such investigates.  Land use and land cover analysis, combined with change 

recognition methodologies deals with significant insights into the changes of landscapes and 

environments which show a fundamental role in identifying and assessing modifications in land 

use and land cover over time.    

The primary objective of this investigation is to recognize the changes occurring on 

land over a period and to know the alterations in future through forecasting. To fulfil the 

purpose of the objective Landsat satellite image is considered downloaded from 

https://earthexplorer.usgs.gov/ for the years 1990, 2011, 2013 and 2023 and change detection 

is studied. To check the accuracy of the analysis, accuracy assessment carried out by utilizing 

google earth, the result shows good overall accuracy and kappa coefficient. Further to know 

the future scenario it is projected for year 2030 and 2035.  This study approaches gives a basis 



Assessment of Change Detection and Forecasting of Land use Land Cover in Hemavathi Catchment, Karnataka, 

India 

https://iaeme.com/Home/journal/IJCIET 53 editor@iaeme.com 

for evidence-based decision-making, fostering ecological progress and environmental 

management. 

 

2. STUDY AREA 

For the present study Hemavati Catchment up to M H Halli gauging station located in 

Hassan district having North Latitude of 12°49’08” and East Longitude of 76°08’00” (GOI 

CWC report 2012) is considered. The river takes birth in the Western Ghats at an altitude of 

about 1,219 meters nearby Ballalarayanadurga in the Chikmagluru district of Karnataka state, 

it flows through Hassan district where it is united by its chief tributary Yagachi River which 

lastly joins river Cauvery near Krishnarajasagara. 

From the observed investigation of rainfall data from 1990-2022, the highest rainfall 

received is 7887.70 mm and the lowest rainfall recorded is 296.20 mm. The study region is 

outlined using ArcGIS, the catchment area has 3014 Sqkm and perimeter of 536 km as 

displayed in the figure 1. The catchment supports for agriculture in the surrounding area and 

the river is useful for drinking and other purposes. 

 

 

Figure 1. Location Map of Study Area 

3. METHODOLOGY AND DATA ACQUISITION  

The work flow process involved in doing LULC classification and forecasting is as 

specified in figure 2. 
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Figure 2. Work Flow Process for Forecasting LULC 
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For the current work satellite images of Landsat 5 TM dated 04.03.1990 and 18.03.2001 

and Landsat 8 OLI_TIRS dated 16.12.2013 and 31.03.2023 Path/Row 145/051 having zero 

Land cloud cover with spatial resolution of 30m x 30m were used.  

The land use and land cover information were extracted from these satellite images by 

geometrically registering them to the Universal Transverse Mercator (UTM 43N) coordinate 

system. A critical stage in satellite image processing is radiometric correction, which involves 

converting digital numbers to radiant reflectance values. While working with estimations from 

multiple remote sensing platforms, this correction becomes vital.  To prevent errors during 

satellite image processing, radiometric corrections were applied to each band, prior to 

performing layer stacking. Atmospheric correction was verified using the following formula. 

The formula used for TOA reflectance with a correction for the sun angle is,  

𝜌𝜆 = 
ρ𝜆′

𝑆𝑖𝑛(θ(𝑆𝐸))
 -------------- (1) 

Where: 

            ρλ= TOA planetary reflectance. 

ρ𝜆′  = TOA planetary reflectance without correction for solar angle. 

           θSE = Local sun elevation angle.  

 Accuracy assessment is accomplished by using of Google Earth Pro as ground truth 

data and calculated user’s accuracy, producer’s accuracy, overall accuracy and kappa co-

efficient.  The range of kappa co-efficient obtained have indicated almost perfect and the 

formulae used to find user accuracy, producer accuracy, overall accuracy and kappa coefficient 

is as revealed in the below. 

 

User Accuracy = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑓𝑖𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑐𝑎𝑡𝑜𝑔𝑎𝑟𝑦

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑐𝑎𝑡𝑜𝑔𝑎𝑟𝑦 
 𝑥 100  ---- (2) 

Producer Accuracy = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑒𝑎ℎ 𝑐𝑎𝑡𝑜𝑔𝑜𝑟𝑦

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑡ℎ𝑎 𝑐𝑎𝑡𝑜𝑔𝑎𝑟𝑦 
 𝑥100 ----- (3) 

Overall Accuracy = 
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑝𝑖𝑥𝑒𝑙𝑠
 𝑥 100   ------------ (4) 

Kappa Coefficient = 
(𝑇𝑆 𝑥 𝑇𝐶𝑆 )−∑(𝐶𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙 𝑥 𝑟𝑜𝑤 𝑡𝑜𝑡𝑎𝑙)

𝑇𝑆2−∑ 𝐶𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙 𝑥 𝑟𝑜𝑤 𝑡𝑜𝑡𝑎𝑙)
  ----------------   (5) 

 

Where,  

TCS is total number of correctly classified sample. 

TS is total sample, for this assessment total sample of 500 is considered.  
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4. RESULTS AND DISCUSSIONS 

For the investigation, five classes were considered they are forest, cultivated land, 

uncultivated land, built upland and waterbodies. The result of the map after converting to vector 

for year 1990, 2001, 2013 and 2023 are as displayed in figure 3, figure 4, figure 5, and figure 

6 respectively and distribution of area in terms of percentage is as displayed in the table 1 for 

various classes as mentioned earlier.  

 

               Figure 3. LULC Map of 1990                                  Figure 4. LULC Map of 2001 

 

 

 

            

Figure 5. LULC Map of 2013                           Figure 6. LULC Map of 2023 
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Table 1: Details of distribution of area in percentage from 1990-2023 

 

SL 

No 
Class Name 1990 2001 2013 2023 

1 Forest 29.509 28.316 27.985 27.885 

2 Cultivated land 51.463 45.213 41.577 28.914 

3 Uncultivated land 13.701 17.312 16.52 23.403 

4 Built upland 3.975 7.519 12.102 17.814 

5 Waterbodies 1.352 1.64 1.816 1.984 

 

 

Table 2: Details of user accuracy, producer accuracy, overall accuracy and kappa 

coefficient (1990-2023) 

 

CLASSES 

1990 2001 2013 2023 

Producer 

Accuracy 

(%) 

User 

Accuracy 

(%) 

Producer 

Accuracy 

(%) 

User 

Accuracy 

(%) 

Producer 

Accuracy 

(%) 

User 

Accuracy 

(%) 

Producer 

Accuracy 

(%) 

User 

Accuracy 

(%) 

Forest 97.00 97.98 88.00 97.78 98.00 95.15 90.00 96.77 

Cultivated 

land 
96.00 88.07 93.00 84.55 97.00 80.83 95.00 83.04 

Uncultivated 

land 
97.00 93.27 91.00 87.50 85.00 95.51 92.00 89.32 

Built-up 

land 
85.00 97.70 83.00 90.22 85.00 97.70 85.00 92.22 

Water 

bodies 
96.00 95.05 95.00 91.35 99.00 98.02 95.00 93.14 

Overall 

Accuracy 
94.20% 90.00% 92.80% 91.04% 

Kappa 

Coefficient 
0.93 0.88 0.91 0.89 

 

From the above table, the overall accuracy for year 1990 is 94.20%, for year 2001 is 

90.00%, for year 2013 is 92.80 % and for year 2023 is 91.04%. Further the value of kappa 

coefficient for year 1990 is 0.93, for year 2001 is 0.88, for year 2013 is 0.91 and for year 2023 

is 0.89 which shows the investigation carried out is almost perfect agreement. 
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Table 3: Change Detection area in percentage from 1990 to 2023 

 

Classes Forest Cultivated land Uncultivated land Built-up land Waterbodies 

Forest 26.648 0.692 3.810 0.637 0.008 

Cultivated land 0.845 23.873 13.321 10.514 0.265 

Uncultivated land 0.392 4.214 5.216 3.914 0.083 

Built-up  

Land 
0.000 0.135 1.054 2.634 0.004 

Waterbodies 0.000 0.000 0.002 0.115 1.624 

Total area (%) 27.885 28.914 23.403 17.814 1.984 

 

When it is compared area changes from 1990 to 2023, Forest has undergone changes 

into different classes, 26.648% of area is remained as forest, 0.692% of area is converted into 

cultivated land, 3.810% of area is converted as uncultivated area, 0.637% of area is converted 

into built-up land and 0.008 % of area is converted as waterbodies. 

Cultivated land changed to different classes, 0.845 % of area is converted into forest, 

changes in cultivated land is 23.873%, 13.321 % of area as uncultivated land, 10.514 % of area 

as built-up land, 0.265 % of area as water bodies. 

Uncultivated land changed to forest by 0.392 % of area, 4.214 % changed to cultivated 

land, uncultivated land is remained by 5.216 %, this is also changed to built-up land by 3.914 

%, and to water bodies by 0.083 %. 

Further Built-up land has not undergone any changes to forest, but converted into 

cultivated land by 0.135 %, uncultivated land by 1.054 %, built-up land remained by 2.634 % 

and water bodies by 0.004 %. 

Also, no changes are occurred from waterbodies to forest and cultivated land, but 

however waterbodies have changed to uncultivated land by 0.002 %, built-up land by 0.115 % 

and increase in waterbodies has observed from the analysis due to which the catchment area 

has received more rainfall during the years, Therefore, the waterbodies area is 1.624 %. The 

details are tabulated in table 3. 

 

5. LULC FORECASTING  

Forecasting of LULC involves various techniques and data sources to forecast how land 

will be utilized for varied classes. Forecast of LULC guides socio-economic guidelines by 

knowing areas for development, investment opportunities etc., and it is essential to balance 
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environmental sustainability in the present region. In this study the "MOLUSCE" plugin of 

QGIS (known as Land Change Modeler) tool is utilized to predict LULC based on historical 

maps.  

Firstly, LULC maps of 2011 and 2013 were added and tested for  geometry and area 

changes, then by the method of Artificial Neural Network (Multi-layer perception), neural 

network was trained then performed cellular automata simulation and map was simulated for  

year 2023 and then it is validated by the historical map of 2023 for this result the percentage of 

correctness was found to be 95.53 with overall kappa coefficient of 0.94, histogram kappa 

coefficient of 0.94 and location  kappa coefficient of 0.99. The validated graph with respect to 

the historical map which is generated from the software is as presented in figure7. After the 

validation, LULC maps for year 2030 and 2035 were generated as presented in figure 8 and 

figure 9 respectively. 

 

 

Figure 7. Validation of Model with respect to historical map 
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 Figure 8. Forecasted LULC Map for 2030       Figure 9. Forecasted LULC Map for 2035 

 

 

Table 4: LULC area prediction for year 2030 and 2035 

 

SL No Classes 
2030 2035 

Area (%) Area (%) 

1 Forest 
27.885 27.885 

2 Cultivated land 
28.051 27.411 

3 Uncultivated land 
22.766 21.516 

4 Built-up land 
19.314 21.204 

5 Waterbodies 
1.984 1.984 

 

Table 4 presents the forecasting of future LULC area changes in percentage for year 

2030 and 2035. LULC area changes after forecasting for year 2030 for classes forest, cultivated 

land, uncultivated land, built-up land and waterbodies will be 27.885%, 28.051%, 22.766%, 

19.314%, and 1.984% and predicted areas for year 2035 will be 27.885%, 27.411%, 21.516%, 
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21.204% and 1.984% respectively. Also, from the above table it is observed that, no changes 

have occurred in forest area and waterbodies area. 

 

6. CONCLUSION 

GIS and remote sensing are vital tools for effective LULC analysis and prediction, 

providing the data, analysis capabilities, and visualization needed to understand and manage 

land resources sustainably. QGIS especially MOLUSCE plugin is used to notice and evaluate 

the LULC change and to forecast future using cellular automata-Markov chain based 

simulation. The results specify the proficiency of open source GIS to run spatial analysis for 

land use changes study region.  

From the analysis, changes from 1990 to 2023, decrease areas of forest and cultivated 

land has observed by 1.624 % and 22.549% respectively and also areas are increased for 

uncultivated land, built-up land and water bodies by 9.702%, 7.839% and 0.632% respectively. 

The changes in cultivated land and uncultivated land is quite natural which depends on the 

rainfall received during the period of cropping season and it also depends on cropping pattern 

and availability of water for irrigation. 

Forecasted results for year 2030, shows that there are no changes in forest and 

waterbodies area, Cultivated and uncultivated area are decreased by 0.863% and 0.637%, but 

built-up area got increased by 1.500% by considering the reference year 2023. 

Continuingly, when it forecasted for year 2035, the cultivated land and uncultivated 

land gets further decreases by 1.503% and 1.887% respectively, by considering the reference 

year 2023, built up area gets increases by 3.39% due to human activities, but the areas which 

belongs to forest and waterbodies remain unchanged. 

The outcome of LULC change forecast, which was carried out using satellite images 

suggests that Built-up area will keep on expanding particularly by converting cultivated and 

uncultivated land to a greater extent. QGIS provided plugins, which played a great role in 

studies of this type of investigation and it is extremely useful for organizer to resolve the issue, 

which emerge because of environmental modification and human activities. 
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